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Accession No. 


Introduction 

Historical 


Conception of the Plan 

» 

In 1925 the Williams & Wilkins Company of Baltimore, Maryland, pub- 
lished a book for me entitled “A Pionouncing Cliemical Formula Speller and 
Contest Guide,” which contained about fifteen hundred chemical reactions 
expressed in equation form. These reactions embraced only elementary 
chemical tranformations, and were especially designed to meet the needs 
of freshman students and others who were beginning the study of chemistry. 
Although the book referred to contained other features, its popularity was 
essentially due to the section on chemical reactions. 

The frequent use to which this book was put led me to envisage a com- 
plete reaction book or set of books that would contain all, or practically all, 
the published chemical reactions, described briefly and expressed in equa- 
tion form. It has taken twelve years for this air castle to begin to assume 
material form. I was told by many that it was too great an undertaking. 

The plan was discussed with Dr. E. W. Washburn, formerly of the Bureau 
of Standards, Washington, D. C'., wlio had completed the “International 
Critical Tables” a short time before. Xo one was better able to judge the 
tremendous amount of work involved in producing an encyclopedia of this 
sort than he, but he told me it was not impossible if sufficient help could be 


secured to go througli the literature. 
Funds were not available to employ 


abstractors for reviewing the chemi- 


cal journals anti consetiuently tlie plan would have to be abandoned unless 
I could secure volunteer abstractors \\ ho would think enough of the project 


to donate their time to get the work und(‘r way. 


Cooperation from Editors of Scientific Periodicals 

A prospectus of the plan was drawn up and submitted to Dr. Otto lleiii- 
muth, then I-klitor of the Journal of ('hcmical Kducaiion, for his evaluation 
and comments. 'I'he idea impre.'^sed him sufficiently not only to give a 
prominent place in his journal (\'(>1. 10, lOTI) for the article, “A Proposed 
hincyclop(‘dia ()f ( 'hcmical Reactions”, but al.so to head it w ith the follow ing 

editorial note : 

“l^espite tho excellent abstracting st‘r\ ice a\'ailable to us and the 
r(‘ferenc<? compilations to bt* lound in all \\ <‘li'e(juipped ch(*mi(al 
libraries, tlu' labor of making a reasonably thorough .search of the 
literature ])ertaining to e\'(‘n a \aM'\' limit(Mi lieUl ot cluMuical sul>j(*ct 
matter is tremendous. A tiiily e\hausti\(‘ search is sekhan attempted 


i 
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and probably represents in reality only an ideal to be approached as 
closely as possible. 

“The usual literature search may lie roughly di\’ided into four 
stages: (1) accumulation from reference works of a summary of facts 
with corresponding references for subsequent checking and amplifica- 
tion by direct resort to the literature; (2) extension of the original 
summary by search of abstract indices; (3) examination of abstracts 
to determine which references are worthy of fiillei- investigation; (4) 
verification of facts and references already accepted as useful and sup- 
plementation of summaries by direct lesort to the literature. 

“It is obvious that if any of these processes could be performed more 
efficiently or if any two of them could be combined, library research 
would be significant!}' facilitated. A work of the type proposed by 
Dr. Jacobson would combine the convenience of an index with a con- 
siderable portion of the informational content of abstract and ref- 
erence works.” 


Dr. J. McKeen C'attell published in Science for June 15, 1934, an article 
entitled “An Encyclopedia of C'hemical Reaction.s” and has since then 
released notes about the progress of this work. 

To the above editttrs as well as to the late Dr. Harrison K. Howe, Editor 
of Indnstrial and Enginevrituj ('hcmislry, and to Mr. AA'atson Davis,' Editor 
of the Science Newn Lcilcr must be given much credit for letting people 
know about the proposed undertaking, without who.se cooperation it would 
have been impossible to proceed. Foreign publications, such as the 
Jonrnal of fhe Sociefy of Chemical Indnstry, Journal of Canadian Chemistry 
and Metallurgy, Jonrnal of fhe Indian Chemical Society, Chemicky Ohzor, 
etc. have published notices alxnit the Encyclopedia. 


Personnel 


After explaining tlie aim ot the E.C.K. to some graduate students in the 
J)epartmont of Chemistry of the M'ost Vn-gimt, rnir emity, the first volun- 
teer to apply the plan to a search of chemical literature as a topic for the 
Master's thesis «as Miss Kathryn Huffman, who started the work of 
recorduiK, under each element, the conditions governing the chemical reac- 
tion between a gnen compound and another element or compound called 
a reagent, and then expressing that reaction in the form of an equation, 
Mich literature search proved of considerable didactic value 

Miss ^fary B. La, Cher and Mr. Carl .\rmour also abstracted assigned 
;ations ot chemical hfcature, equivalent to the requirements for fheir 


S0( 

Master’s the.scs. 


In addition to the above-mentioned work, Mi.ss Huffman was cmploved 
Ml a special 1 mver.sitv fund to do abst, -acting for the H.C.R. durL' an 
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entire summer vacUtion. Dr. X’irsil lally was likewise employed to abstraet 
German chemical literature durinp; the summer months. 

Other graduate students who accepted assignments to do abstracting 
work are: P. S. Potesta, Hcnjamin Tatterson, John Russell, David Posten. 
and later, Dorothj' Franz, Lawrence T. Johnson, Herman A. Reda, Ralph 
K. Wilmer, and Owen C. (rreenwell. 

After the publication of the above-mentioned articles many inquiries 
about the project and promises of support were received, but the most 
valuable one for the E.C.R. was from Prof. Wilhelm Segerblom of Exeter, 
New Hampshire. He wrote me as follows: 

“Your account of a proposed ‘Encyclopedia of Chemical Reactions,’ 
as printed in the Journal of Chemical Education for October 1933 ha^ 
interested me much. When I think of the hours that were spent, the 
volumes that were consulted, and the leaves that were turned in the 
preparation of my own little book on ‘Properties of Inorganic Sub- 
stances’, I stand aghast at the magnitude of the undertaking you an* 
proposing. Hut when I think of the time and effort that your en- 
cyclopedia will save chemists in future years, then I realize that tin* 
results more than warrant the elTort. The sooner you get the book 
compiled and published the better for the progress of Chemistry.’’ 

This friend of the E.C’.R. took hold of the abstracting of the Scandinavian 
chemical journals in dead earnest and covered practically all of them found 
in this country, spending his entire vacations for four years in the librar- 
ies of the universities of Harvard, Vale, C’olumbia and Madison. He 
also spent some weeks at the Library of Congress, all at his own e\i)ense. 
L^nfortunately, Profe.s.sor Segerblom did not live to see the Iruit ot his 
enormous labor, but as a deserved memorial to his devotion I want to 
inscribe his name at the very top of the list of a.ssociate editors of the 
“Encyclopedia of C’hemical Reactions.’’ Ih* contributed freely and 
without stint to a cause that he considered of lasting importance. 

Professor Thomas W. Davis of New York Cnivei-sity also wrote me at 
an early date exprt'ssing his convictions about the need ami usefulness of a 
work like the hhC.R. in tin- bdlowing terms: 

“There is a continuing ikmmI bn- such a compendium, a need which 
is not lessened by industiial and economic crises. Its success will de- 
pend on the loyal efforts of a corps of abstractors and compilers each 
making a small saerilice of tinu* and energy in tlie intei'est of the com- 
mon undertaking. 'I'he general prospectus is sound we need now tin* 
detailed work of foll<iwing it tlinmgh. When the ‘Encyclopedia’ is 
tinally issued, I am sure that it will at once l>e accepted into thi* litera- 
ture as an indisjx'nsable |■<*terence woi'k. Its plac<* is not fille<l b\ 
descrij)ti\’<.* ti'eatises on iiorgauic* cluMiiistry -tli(*re can Ix* no ad(*({uat(? 
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substitute for it. We sliall see the truth of this statement more clearly 
after the ‘Encyclopedia’ has been used a short time. I am happy to 
be able to contribute in a small way to its final success.” 

The roster of abstractors for the E.C.R. numbered only 31 up to Decem- 
ber 1940. Shortly after that date notices about the progress of the E.C.R. 
were published in the News Edition of Industrial and Engineering Chemisiryj 
in the Journal of Chemical Education and in I^cience, which revived an in- 
terest in the work, so that in December of the following year (1941) there 
were 103 listed abstractors. Although perhaps less than half of them had 
shown very little or no interest in doing any abstracting, yet the sum total 
of all reactions submitted up to that time was 12,768. 

The interest in the E.C.R. continued to spread until on June 1, 1942, the 
abstractor personnel numbered 110 and the total reactions submitted to 
that date was 15,863. 

On July 1 of that year wc began assembling the reactions under alum- 
inum, antimony, and arsenic with a view of putting these in condition for 
publication in the first volume. There were found to be 659 under Al. 372 
under Sb, and 1021 under As. 


Testimo.vials 

The value ot any work or publication is determined by the consensus of 
opinion of people inteic^ted along a similar line. Refore chemists in gen- 
eral will take seriously a work like this, it is natural that thev .should in- 
(luire what other chemi.sts think about it. For this reason it was thought 
advisable to include, in the introduction, a brief section of opinions con- 
tributed by chemist.s in different fields of the profe.^sion. The original 
letters containing these statements are on file, and are reproduced without 
regard to any order of importance. 

I’lof. Ralph E. Dunbar, Dean of the School of Chemical Teehnologv 
hargo. N. Dak. says: 

"Busy chemi.st.s uill recognize tlie value and importance of having 
the morgamc .■hemieal lit<.rature ...v..tematieally and conveniently 
a wtraeted. 1 his rs the first consistent effort to a.ssemhle all available 
morgamc reactions into one coinj)lete and comprehensive work. The 
^a^ mg m time and effort on tlie part of research workers will more than 
compt-nsate for the combined acti\-ities of all faitliful abstractors who 
have cooperated in the compilation of these volumes. The .specific 
ieteience.s to the original chemical literature of the world will be an 
‘'-j;.tant lead to those workers who desire more .letailed information 
Ifgaiding aii\ i(>aetioii. I-.von ambitions students may find here the 
answer o many perplexing problems. IVrl.aps it is not too ambitious 

‘Kncyclopeilia of Cdiemical Reactions' mly 
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eventually find its place along with the ‘International Critical Tables,’ 
Mellor’s ‘Comprehensive Treatise on Inorganic Chemistry,’ Abegg- 
Auerbach’s ‘Handbuch der Anorganischen Chemie,’ and Beilstein’s 
‘Handbuch der Organischen Chemie,’ as an essential addition to all 
industrial and educational research libraries. At least such is our 
hope.” 

Dr. Paul A. Gigu6re, Assistant Professor of Chemistry, Laval University, 
Quebec, Canada, says: 

“While it is obvious that such a work as the E.C.R. will be useful to 
all chemists in general, it seems that it will prove of exceptional 
assistance in research work. Indeed, not only will this encyclopedia 
provide a complete and adecpiate source of information regarding the 
numerous inorganic compounds already described in the literature, 
but it will further contribute to the progress of chemistry hy olTering 
a concise picture of what is left to be done, for instance on such topics 
as the molecular structure and properties of the various compounds, 
their methods of preparation, the mechanism of the reactions in which 
they take part, etc. A simple glance through the book should not fail 
to suggest scores of interesting problems, as yet unsolved.” 

Dr. Walter Wagner, Assistant Professor of Chemistry, Worcester Poly- 
technic Institute, Worcester, Mass., says: 

“Many chemists engaged in research, teaching or technical labora- 
tory work will find the need for a work containing all hitherto publislied 
chemical reactions in available form. The vast amount of material 
presented in this comprehensive list is invaluable to them. 

“Of particular value, it seems to me, is the perpetuity feature of the 
work, permitting the scholar to follow the most recent achievements in 
chemistry. At the same time it enables him to pursue the liistoric 
development of certain reactions in which he is interested. 

“After all, I feel certain that this outstanding work will become a 
reliable and even indispen.sable companion of everyone engaged in 
chemistry.” 

Dr. (r. E. F. Lundell, Chief Chemist of the Bureau of Standards, Wash- 
ington, D. C. wrote me tlie following several years ago: 

“When you first discus.sed the matter with me I was somewhat du- 
bious of the plan, chiefly on account of the enormous amount of woi-k 
that would be necessary if the compilation were to be anywhere near 
complete. I now believe that it is feiusible and tliat it would l)e a tn- 
mendous help to the chemist, particularly to the analytical cliemist.” 
Mr. .Tames A. Austin. C'hainnan. Kansjis City Section A.C.S., Kansas 

Cityy Mo., says: 

“The recorded observations of th<' reactions of tiie (‘lements art* 
scattered throiiKhout tlie vast litoratm-c of clu-mistiy aiui many that 
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may have potential value, either academic or economic, lie buried in 
this mass. 

“It is the purpose of this publication to bring together these obser\'a- 
tions in one work with the hope that, from it, workers may receive 
inspiration for further research leading to a better knowledge of the 
fundamental nature of chemistry and also to the utilization of some 
of these reactions in present day problems. 

“The intense interest in micro or semi-micro technic, especially as 
applied to qualitative analysis, has developed rapidly in the past few 
years and the search for methods of producing materials which were 
formerly imported are just two reasons for supporting this compilation 
of reactions of the elements. 


“If these pages lead to just one single application toward these ends, 
the contributors will feel amply repaid for their efforts.” 

Mr. E. J. Crane, Editor of Chemical Abstracts, Columbus, Ohio, wrote 
in 1933: 

“I have read your article descriptive of the proposed ‘Encyclo- 
pedia of Chemical Reactions’ and have thought about it a good deal; 
Such a compilation would serve as a handy tool for chemists and it cer- 
tainly would be hne if some magician could wave a wand and a com- 
pleted copy would drop into the hands of each of us.” 

Dr. Frederick C. Nachod, Research chemi.st, Permutit Company, res. 
Mt. Holly, N. J., says: 

“Chemists realized very early the need for standard works of ref- 
erence to coordinate and check on old and new findings. A chemist 
nowadays would feel lost without Chemical Abstracts, Chemisches 
Zcntralblatt, etc. Such reference works had to be supplemented by 
others of a different nature like Landolt-Bernstein’s ‘Tabellen,’ Gmelin- 
Ividut, ^lelloi s tieatise, etc., luit up to now \^■e ha^'e no complete hand- 
i)ook summarizing the chemical reactions which are encountered in 
the literature. This gap is n(»w to be filled by the Encyclopedia of 
C'hemical Reactions. Theie will probal)ly be manv criticisms and .sug- 
gestions before the E.C'.R. reaches its final form, but we hope that it 

may grow quickly and steadily in order to liecome an essential tool for 
the chemist of today and tomorrow.” 

Many other excellent testimonials are at hand equally worthy of inclusion 
m this section, but lack of space pi-cvents. 


AO.Mt.XC'LATL’ni: 


No douk greater variatioa, in both tlie .spoken and written language of 
rhe.nrstry .nay i,e tonnd than .n the langnago of anv other science These 
wo . at. on. exist not only p.-onun.-iation l.ut in the spelling and hvphonat- 
n., Ot uoids and ,n the willing of foriniilas. Tlie Ameriean ('hcmical 
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Society have a standing committee whose eft'orts have been directed, over 
a long period of years, to the standardization of nomenclature, spelling and 
pronunciation of chemical words and the writing of formulas, but the im- 
pression made upon the body of chemists as a whole leaves much to be 
desired. 

This subject might properly be introduced by sajdng that there is still 
confusion in the chemical trade due to the fact that manufacturers of chemi- 
cals are slow to follow the advances made in chemical nomenclature. A 
few illustrations are doubtless apropos: Should we desire to buy some 
sodium fluosilicate we must ask for sodium silicofluoride; if we need boron 
trioxide we must specify acid boric. White arsenic or arsenic trioxide is 
sold under the name “acid arsenious.” Suppose we are in need of some 
sodium dihydrogen orthophosphate; we find listed in the chemical catalogs 
“sodium phosphate, primary, secondary, and tertiary.” The beginner in 
chemistry would have to consult his dictionary before he could order the 
right chemical. When we buy periodic acid we receive HsIOe instead of 
HIOi. In other words, there is no indication in the catalog that the sub- 
stance offered for sale is the dihydrated acid. Should we wish to purchase 
.some vanadium trichloride, we find listed “vanadium chloride, dry, liquid, 
or sirupy.” Vanadium occurs as either the di-, tri-, or tetrachloride, and 
we have no direct way of telling if the manufacturer or agent has what is 

wanted. 

Both VOSO 4 and \' 2 () 2 (SD 4)3 are called vanadium oxysuliate or vanadyl 
sulfate. We have arbitrarily named the former vanadyl sulfate and the 
latter divanadyl trisulfate. HgNIbC'l has been called ammono basic 
mercuric chloride; mercury amido chloride, amino mercury chloride and 
mercury II ammonium chloride. We favor mercury amido chlorule. HN., 
is known as hydrazoic acid, azoimide or hy<lr(tgen azide. V e favor triazoic 
acid, and triazides for its salts. 

Enough has been said to show that there is still an enormous amount of 
work to do for a committee on chemical nomenclature. 

In the present volume the editors have tried to follow as closely as po.ssi- 
ble the recommendations made by the ('ommittee for the Reform ot 
Inorganic Chemical Nomenclature of the International Union of (diemistry, 

i.ssued in 1940. 

Some of the excej^tions and the reason.s therefoie may be listed as lullows: 

“The ous and ic endings for the copp(‘r and iron salts are retained because 
they have been very firmly <‘stal>lish(‘d, and there is no ambiguity about 
them, so that we call Fe(('NS )3 ferric thiocyanali' instead of iron III 

thiocyanate as giv(*n in the lepoit. 

For the .same reason we also retained the common names of the :ieid 
salts of carbonic, sulfurous, and sulfuric a<ads, so that NallCO.,, XallSO^, 
NallSth, and KIK'O.u KHSO.-,. and K'llSO, have Ik'cu nanuMl sodium 



14 


ENCYCLOPEDIA OF CHE.MICAL REACTIONS 


bicarbonate, sodium bisulfite, etc. All other acid salts like Na2HP04, 
disodium hydrogen orthophosphate, have been named according to the 
Committee's recommendation. 

WTienever an inorganic element in the formula of a salt was separated 
from the acid radical by oxygen, as for example BiONOa, the ending yl 
of the name has been adopted, so that this salt is called bisrauthyl nitrate. 
Whenever this system might cause ambiguity, the term oxxj has been used. 
Consequently, U0 l>(N 03)2 was called uranium dioxydinitrate. The names 
recommended by the Committee for ICiFe(CN)6 and K3Fe(CN)6, potassium 
hexacyanoferrate II and potassium hexacyanoferrate III, have not been 
used, since the departure from the common names seemed too revolutionary. 
However, the Committee’s names are very explicit, though long. 

Ammonia addition compounds have all been treated alike and called 
ammoniates, just as water addition compounds have all been called hy- 
drates, using the proper Greek prefix to designate the number of each ad- 
dition product. Dr. E. C. Franklin, formerly of Leland Stanford Junior 
University made these compounds his life work, and was very positive in 
calling them all ammoniates. Conditionally the “Committee” also sanc- 
tions this usage. In representing the ammoniates by formulas we have 
inserted the NHs radicals at the end of the formulas exactly as is done with 
H2O in hydrates. This is done for the sake of clearne.ss of representation, 
and not with any regard to linkage of NIL radicals in the molecule when 
the compound is ionized or electrolyzed. For example, if we found the 
compound Cr(NH3)6Cl3 described in the literature the formula entered in 
the equation was CrCL-GNHs and the name given to it, chromium III 
chloride hexammoniate. Some writers do not drop the g in hexa and write 

the name hexaammoniate, but the former is more euphonious and its mean- 
ing cannot be misunderstood. 


The name “stibine” is used interchangeably in the literature for SbHg 
and for SbHs. In this work we have applied this name to SbHj and its 
(lenvatives only, and have called SbHs and its derivatives antimony penta- 
hydnde. To illustrate, the compound IlsShO is called trihydrogen anti- 
mony oxide, and II.,SbCl,, trihydrogen antimony dichloride The .same 
nomenclature has been applied to arsine, AsH, and its derivatives 
The editors of the E.C.R. are desirous to cooperate with anv committee 
or bodv ot chemists duly appointed for the purpose of studving and im- 
proving the present nomenclature and formula writing in the field of in- 
organic chemistrv. 


Ri les Adopted pok E.C'.R. Ahstractors 

The following revised rules, bar ing been developed over a period of years 
•ue leeoinmendiR to abstractors for the E.f'.R. They represent tlm best 
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practice to date. Over sixteen thousand reactions have been read, cor- 
rected and sorted according to these rules. 

(1) Every chemical reaction submitted for inclusion in the E.C.R. 
should be typed on white, bond paper of the uniform size, 10 x 14 
centimetei-s, (4 x 5| inches). 

(2) The general arrangement of the data is illustrated in the diagram 
shown below, but which does not give the exact size of the cards to 
be used. 


ALUi\IINU-M 

AbO. 

C 75 

No 

In the Serpex process for refining aluminous ores the electric re- 
sistance furnace charge is lieatetl to l(i()0-18()0°C. 1 he aluminum 

nitride is then digested in an autoclave under steam pressure. 


AbOa + :iC + No 2A1N -j- 3CO 
2A1N -f 3IbO AbOa + 2\H3 


(a) 

(b) 

(:. b. Mantell, (’hem. Mot. Eng., 35, 7 hi (1928) 


44 


Explanation of the entry: I'lie formula of th(‘ reactant Abfb, is placed 
below the name of the principal element written out at the top of the 
card. At the top left-hand side of tlie card are typed the symbols or 
formuUis for the substances that were bmnd to react with the reactant. 
These are known as the r(‘agents. It only lieat, pre.''suie, (*l('cti icitj , 
bacterial action, etc., were found to effect the change, the proper notation 
is made in this place. Below these entries is typed a “conditions para- 
graph” describing in a clear but concise mannca- the conditi(nis tound to 
govern the reaction, as well as gi\ ing the naturi* (color, odor, <-rystal iorm, 
yield, etc.) of the product formed. 'I'his paragraph should also contain, if 
possiide, source of material, .solvents emi)l..yed, temperature, pressure and 
voltage used. It is to be born<‘ in mind that in order to Imld down the size 
of the U. to a workable to<»l, no (aitry shouhl be hmgcr, incliHling 

equation, name, and journal n-ference, than can be typed (»n on(‘ card of 
the above siz(? specifie<l. 

Below this “conditions paragraph” is to be |)laccd one (u- luori^ bala.wed 
eciuations, expre.ssing the progress r.f the reaclioti. If these eciuations are 
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not found in tlio origiiuil article abstracted, but are supplied by the ab- 
stractor from data found there, the e(iuation or equations are enclosed in 
parentheses. In this way anyone can tell immediately if the e(|uations 
are the products of the experimenter or of the abstractor. 

Directly below the equation is to be typed tlie name or names, with their 
initials, of the authors of the article abstracted, the name of the journal 
(standard abbreviations), the number of the \'oIume underscored, the page, 
3 e c 1 ed in parentheses. The assigned number of the ab- 
stractor who made the report is placed at the right of the last reference. 

Opposite the reagents on the right is the abstractor’s o^vn serial number, 
showing which card in his series is called in question. 

Each abstractor, after having abstracted one or more volumes of hi.-^ 
set, will pack up his cards, usually from 10 to 100 and send them bv mail 

V 

to the central office of the E.C’.K. The receipt of these cards is immediately 
acknowledged by post card and then filed for review and criticism. Any 
cards containing entries or equations that appear spurious or incorrect are 
returned to the abstractor in (piestion for rechecking. 

(3) The symbol A has been employed to represent heat, e to represent 
the electric current or spark, P, pre.ssure, Bac. to indicate bacterial 
action, D represents deuterium, and a-Part. for alpha ray bom- 
bardment and U. Light for idtra violet light. 

(4) When there are two or more e(iuations on the same card, each 
should be preceded by (a), (b), (c), etc. 

(5) In almost no case does the reaction go to completion. Therefore, 
we use the arrow to indicate the reaction products and the double 
arrow when the reaction is dehnitely reversible. However, since 
very few typewriters are supplied with arrow keys, we have sub- 
stituted equality .<igns and reserved the colon for double bonds. 

(0) The names of compounds whose molecular compositions are com- 
plex may be entered in the equations instead of the formulas. 
The same is true when they .<erve as reagents. 

(7) \\ hen precipitates are formed in the reaction, the formulas of these 

are underscored b<»th on the cards and in the book. The formulas 

of crystalline i)ro<luct-^ should not he underscored unless they form 
immediately, as a precii)itate. 

If probable eomp,„in,ls Mre forme.! in the reneti.m but the author 
.loes not so state, formnla.s ot these may be introduced in the equa- 
tion iirovidod they are enclo.sed in parentheses. 

(9) It the author has omitted one or more e.s.sential products in his 

reaction an. th.. abstra.-tor is unable .,r unwilling to venture a guess 

as o nhat they are, the e.|uati..n may be written with the infor- 
mution given, plus a (jucstion mark. 

It a change in temperature only produce-^ dilVerent types of livdrates 


( 8 ) 


( it; 
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or ammoniates, tliese may be represented l)y one equation and tlie 
lormula of each hydrate or ammoniate followed by the temperature 
characteristic of each. 

(11) The E.C.R. should cover completely the chemical reactions of all 
the active elements except those of carbon and oxygen. 

(12) The carbon compounds may be given provisionally as follows: (a) 
All compounds with carbon and one other element except when that 
element is hydrogen, (b) All hydrocarbons up to and including six 
carbon atoms, (c) All compounds containing one or two carbon 
atoms together with hydrogen and oxygen, (d) Compounds of 
carbon that are inherently inorganic in nature like the oxalates, 
carbonyls, cyanides, thiocyanates, etc. (e) Organic compounds of 
whate\'er composition that serve as l eagents for inorganic processes. 

(13) Erroneous formulas appearing in the oUler literature like IK) for 

water and for acetylene may be given in quotation marks, 

but the correct formulas imist be inserted in the equation placed 
in parentheses. 

(14) The reactions under hydrogen are only those involving hydrogen 
and one other element, and when that element is carbon the limita- 
tion is given in Rule 12 (b). 

(15) Abstractors must make sure that they do not misinterpret and mis- 
represent the statements made by any author, and it is eipially 
important that the abstractor l)e able to write the English equiva- 
lent of any formula given in the foreign language that he has chosen 
to abstract. 

(16) For the present at least, the lO.C.R. will not present complex graphic 
formulas, either inorganic or organic. For clearness’ .sake, un.satur- 
ation may be indicated by the double and triple bonds, doing .so by 
the use of dots rather than dashes. 

(17) Patent literature and records of patents should be alxstracted and 
the results ol)tained put in regular form like all other entries. 'I'he 
patent number and date should be given together with reference to 
some other published account. 

(18) Many experimenters, after having made a discovery, begin to 
generalize and make unfounded hyijotheses. The latter must l)e 
omitted from tin* lv(’.K. so tliat only reactions with a firm expeii- 
mental basis an* included. .\i).stractors are tlierefore caiitioned 
against reporting unfounded gues.ses. 

(19) Minerals of a definite composition when undergoing chemical 
change should be included among the reactions under one of tin* 
principal elements found in them. 

(20) The formulas for ammoniates should be written with the Xlb 
radical at the end of each formula, as illustiated by tin* following: 
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C02NH2 •02* (804)2 •SNHa. It would be incorrect to write the 
formula Co2NH2 02 ' 2 S 04 ' 8 NH 3 , because the 2 in front of the SO4 
radical would in that case also multiply the 8NH3 by two. 

(21) When a given reaction has been found to hold true with other 
reagents, this should be stated in the conditions paragraph and the 
equations entered on the same card, lettered (b), (c), (d), etc. 

(22) Ionic reactions are to be included when they are based upon experi- 
mental evidence. No assumptions are taken. The plus and 
minus signs are then applied to the ions in the customary way. 

(23) Original articles only are to be abstracted. However, much valu- 
able material would be missed in the first volumes of theE.C.R.ifwe 
were to omit abstracted articles entirely. Therefore, a certain small 
proportion of the reactions here submitted came from abstracted 
articles. However, the name of the author and place of publication 
are given, together with the location of the reference. The abbre- 
viation Ref. should precede the name and location of the reference. 

(24) The abstractor’.s assigned number is pi’inted opposite the reference 
he has submitted. This will enable anyone using the “Encyclo- 
pedia” to communicate with the abstractor regarding any given 
reaction, and also for the abstractor to count or check back on the 
entries he has made in the E.C’.R. 

(25) AVhen an abstractor is willing to contribute time for the completion 
of this work, but is unable to get his abstracts typed on the cards 
as explained, we have extended to such a person the privilege of 
having his reaction cards typed in the Ceneial Office in Morgan- 
town. In these cases the handwriting must be plain and easily 
read. When such typing is done in the General Office a carbon copy 
of every card is returned to the abstractor for re\-ie\v and filing. 

Duplicates 


In pernsing this work it will be seen that there are ser cral reactions that 
have been taken from the same source material by different abstractors, and 
that these are essentially duplications. These ostensible duplicates might 
have been left out or combined, but since each abstractor has recorded a 
little different aspect of the reaction, and since the Editor wants to 
assure to er ery abstractor full acknowledgment of the work he has done 
the reaction a.^ reported was allowed to go in. ' 


Apologies 

It would not he fair to the chemical profession to issue a book of this 
k.n<l purporting to contain all the chemical reactions under the elements 
• >»nunum antimony, arsenic, barium, beryllium, bismuth, boron and 
h.onune when wo know that only a small fraction of the world's chemical 
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literature has been covered. The only excuse we give for putting in print 
the data we have accumulated up to the present is that we propose to 
continue the abstracting, and to file the data for such a time as Supple- 
ment Vol. I can be issued. The supiDlements will then appear as the 
data accumulates, and finally the E.C.R. will be brought up to date and 
kept so. 

We also want to apologize for the imperfections that may be found herein. 
The critic may take a more tolerant attitude when he realizes that the 
entire work was built by volunteer help, and that most of this help had 
very little previous training for the abstracting job. 

Abstractors have in some cases formulated equations not found in the 
original articles, and have neglected to put such equations in parentheses 
as directed in Rule No. 8. Abstractors may also have drawn erroneous 
conclusions about reactions, so that the conditions paragraph conveys a 
different meaning from that which the author of the journal article in- 
tended. We believe this is a minor error. 

It is not surprising to find some errors in a huge mass of data collected 
from far and near, especially since it was impossible to check the reports 
of the abstractors, except in a very few ca.ses. Enough checking has l)een 
done, however, to satisfy the editors that essentially all the data presented 
is accurate. After the E.C.R. has been in use for some time, the imper- 
fections in the first volumes will come to light and be corrected in the sup- 
plements to follow. 


lO.VOYCLOPKOI.K OF C.'UK.MIC.VL RK-VCTIONS 

V 

Note: 'rhis entire system is alphabetically arranged first as to the formu- 
las of the reactants and next as to reagents. X'olume I covers the re- 
actions submitted to date under the above mentioned elements. The 
reacting substances under each element have been arbitrarily chosen 
ivs the reactants, placed in the center of the i)age, and one or more reagents, 
placed at the upper k'ft of each reactiori record, as submitted by the ab- 
stractor of the original journal article. Opposite the reagent at the right 
of each entrv will be found the serial numlxM* of that reaction; for example, 
the reaction of metallic aluminum with carbon tetrachloride vapoi- is num- 
bered I-2o, which nu'ans that 2") is the s(‘rial number and that this reaction 
may be found in \'o!uine I. Below the foi-rnula or tlie symbol of the reac- 
tant (in tiiis (aLS(‘ Al) will bt; found a brief statement of tin? conditions gov- 
erning the reaction, and below this the reaction expressed in e(iuation form, 
using the double arrow when tlie i-eaction is known to be i-e\ersible to an 
appreciable extent. 'I’he formula repi-esenting the compound that was 
precipitated in the n-action is uiulerseored. B(‘low the equation will be 
found the name or nanu's oi the authors ot th(‘ articl<‘, and the place and 
date of publication. At the right of tlie last refenaua' tin; number of th(‘ 
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abstractor who submitted the data for this reaction is given. Many other 
abstractors, besides those listed in this volume, have submitted reaction 
data that will be used in succeeding volumes under other elements. To 
date one hundred and seventeen persons have been assigned journals for 
abstracting, as well as personal abstractor’s numbers. 

Before adopting the plan of assigning a number to each abstractor, well 
()\’er a thousand reactions were obtained and filed without knowing for 
certain who abstracted them. All these anonymous reactions ha\'e been 
numbered 25. 

For convenience in locating any desired reaction two sets of indexes 
have been placed in the back of the book. The first lists all reagents used 
as reacting with a given reactant. The symbol c found in this index means 
with. The second index lists also alphabetically all the compounds that 
have been formed or produced in these reactions, giving reference by num- 
ber to the reaction where the compound in question may be found. 

At the back of the book will also be found a list of names and addresses 
of the abstractors who contributed reactions for ^'ol. I together with each 
one’s individual number. There will also he found a list of the journals 
abstracted together with abbreviations used. 

Nearly all reactions recorded in the original literature ha\'e been ab- 


workers, and such abstract or reference pub- 
lished in another chemical journal. For this reason the name first given 
represents the author of the reaction, and the name following the Ref., is 
the person who abstracted or briefly referred to the original work. In 
many cases our abstractors could obtain only the name of the author of 


the reaction. 'I'hc complete publication record might be 
])lcments to follow. 


supplied in sup- 


i.iO.VL 

We hope that this work will Ijecome a standard of reference on chemical 
reactioas in inorganic chemistry. In older to reach this goal it would be 
very desirable, if not absolutely essential, to obtain the cooperation of re- 
search workers in their respective fields of labor and of author.s of books who 
have specialized in certain phases of inorganic chemistry. These people 
would be far more competent to abstract reactions that should be included 
m the E.C.R. than any other person however skilled in abstracting 

When the "Encyclopedia” gets to the place where chemists in general 
will accept It as a u.seful tool, it will ho to the interest of research workers 
and authors alike to have the fruits of their lal.ors properlv represented in 
U.e uoik. When that time airives, al.straetinR hy specially assigned 
abstractors, as at present, will h(*comc a negligilile quantity. 

I he cnriier-stone has now heen laid, and w<. hope the ediliee will rise 
rapiuly. 


A 






ALUMINUM 

AI 


AgCl 



Metallic aluminum vigorously reduces molten silver chloride forming 
silver and aluminum chloride. 


3AgCl + Al ^ AlCL + 3Ag 

A. Cossa, Atti. cleir Instuto \'en. Ill 
Uef.: A. Lichen, Bcr., 3, 368 (1870) 


Al 

AgCl-2NH3 1-2 

When aluminum is added to an ammoniaeal solution of silver chloride, 
silver is liberated. 

(a) Al + 3AgCl-2NIl3 3Ag + AlCl., + (iNIL 

(b) AlCL + 3H2() ^ A1(()H)3 + 3HC1 

A. Cossa, Atti. doll’ Instuto Von. Ill 

Ref.: A. Lichen, Her., 3, 203 (1870) II 


Al 

Ag 2 Cr 207 I“3 

Metallic aluminum, wlien added to an ammoniaejd solution of silver di- 
chromate, causes reduction of the silver. 

(a) 3Ag..(’r-j()7 + 2A1 (i.Vg + [.\l2(Cr-.()7)3 1 

(b) Al2(Cr2()7)3 + idI-*0 -> 2.V1(()II)3 + OH.CM), 

A. Cossa, 

Ref.: A. Lichen. Bor., 3, 201 (1S70) // 


.VI 


AgNO 


1-4 


If aluminum is dipped into a solution of silver nitrate (dilute or coneen 
trated), fine crystals of metallic silver deposit. 

Al + :iAgN(>3 > -b 3Ag 

Jarn.sluv Ilovrnv.skv , .1. CIkmu. S<hv, 117: 1, 20 (.1010) 


-is 



22 


EN’CYCLOPEDIA OF CHEMICAL REACTIONS 


A1 

AgNOs 1-6 

^letallic aluminum replaces silver in silver nitrate when added to a 
solution of silver nitrate. 

(a) A1 + SAgNOa 3Ag + A 1 (N 03)3 

(b) A 1 (X 03)3 -h 3 H 2 O ^ A1(QH)3 + 3 HNO 3 
A. Cossa, 

Ref.: A. Lieben, Ber., 3 , 203 (1870) It 


A1 

AgaS -h NaOH I_6 

Silver sulfide and aluminum ingots agitated in a solution of caustic soda 
yield metallic silver. 

2A1 + SNaOH + 3Ag2S — > NasALO^ + 3Na2S + 6Ag + 4 H 2 O 

C. Spearman, Can. Chem. Met. Png., 9, 57 (1925) 12 


A1 

Al2Te3 j_y 

*\n aluminum telluride is formed when AbTes undergoes a transforma- 
tion in presence of aluminum below 551®. 

AloTea + 13A1 3Al5Te 

Chikashigl and Xose, Mem. Coll. Sci., Kyoto, 2, 227 (1917) 

Uef. : J. Chem. Soc. (London), 114 , lU (1918) 1 


A1 


AsCl 


Au 


Aluminum tiiarsenic trichloride is formed when aluminum and amenic 

trichloride are heated in a tube at 140° for a long time in the presence of 
a little aluminum chloride.' 

3A1 + SAsC'h -► Al.AsjCh + ( 2 AICI 3 ) 

Ruff and f^taib. Z. anorg. Chem.. 117, 193 (1921) 

A1 

An alummum-gold alloy foims from a melt with 28 per cent by volume 
ot aluminum at about 580°. 


1-8 


id 


1-9 


3A1 + 8Au — ^ AUAus 

^' T ^oycock and F. H, Xcvillo, Trans. R„y. Soc. (I.omlon), 2UA. 267 (1914) 105 
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A1 

Au I-IO 

By melting together mixtures of aluminum and gold of various composi- 
tions the following allo 3 ^s have been recognized : 

a:^Au -h xAl ^ AuAl ; AuAh ; AU 2 AI ; AU 4 AI ; and AU 6 AI 2 

C. T. Heycock and F. H. Neville, Trans. Roy. Soc. (London), 194A, 201-32 (1900) 105 


A1 

Au I-ll 

Analysis of freezing-point data for systems of aluminum-gold-tin, as 
reported by Heycock and Neville [J. Chem. Soc., 66 , 65 (1894)], 
shows that one of the stable phases is a definite compound. 

2A1 -h Au — > AbAu 

E. S. Shepherd, J. Phys. Chem., 8 , 92 (1904) 7 


Al 

AuCL 1-12 

When aluminum is dipped into a dilute solution of gold chloride, metallic 
gold is immediately deposited with strong evolution of hydrogen. 

The solution turns violet. 

5A1 -f- SAuCL + SILO ^ -h 4 II 2 -h 2A1(0H)3 + 

( 3 AICI 3 ) + (2AuOH) 

Jaroslav lleyrovsky, J. Chem. Soc., 117: 1, 29 (1920) 4 ^ 


1 


VI 


B 


1-13 


By fusing together boron with aluminum in excess at 1000® aluminum 
boride is obtained. 

Al + 2B ^ AIB 2 

II. Funk, Z. anorg. Chem., 142, 209 (1925) 


2 ^ 



BASO4 

Boron aisenate is reduced by aluminum. 

BASO 4 4- Al — > 15 4" .V1 As()4 

E. lierger, Compt. rend., 171, 29 (1920) 


1-14 
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B 2 O 3 



1-16 


The reduction of boric anhydride by aluminum is not recommended for 
the preparation of metallic boron, since increasing amounts of aluminum 
borides are produced as the excess of B 2 O 3 is diminished. 

(a) 2A1 + B 2 O 3 ^ 2B -f M 2 O 3 (300°) 

(b) A1 + B ^ AIB 

F. Weston and H. Russell, Trans. Far. Soc., 3, 174 (1907) 85 


A1 

B 2 O 3 1-16 

PbF4 

Boron trioxide is ignited with a mixture of aluminum and lead tetra- 
fluoride. 

2 B 2 O 3 + 2 AI + 3PbF4 4 BF 3 + (3PbO + Al.Oa) 

E. Berger, Compt. rend., 171, 29 (1920 ) 26 


Al 

B 2 O 3 + S I_17 

An aluminum boride is formed when a mixture containing an excess of 
aluminum turnings, magnesium powder, sulfur and boron trioxide 
is heated at a low temperature. 

5 AI 4 - B2(J3 + 3 S ^ AIB2 -h (AI2S3 -f- AI2O3) 

H. Funk, Vj. anorg. Chein., 142, 269 (1925) 

Ref.: .J. Chem. Soc. (London) 128, 705 (1925) ok 


B2O3-I-S 



1-18 


-\n aluminum boride is obtained' 
trioxide, sultur and aluminum Ls 
ribbon. 


when an intimate mixture of boron 
ignited with a piece of magnesium 


loAl + ()B2<^3 + 3 .S 


AIB12 d- AI2S3 -h (O.Vlotds) 


Blitz: Ber., 41, 2031 (190^) 


/ 
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A1 


BaO 


1-19 


Barium peroxide is reduced to the oxide by the use of powdered alu- 
minum at a high temperature. 

3 Ba 02 + 2Al ^ AI 2 O 3 + 3BaO 

Hirsch, J. Ind. Eng. Chem., 3, 886 (1911) 

A1 

Ba(OH )2 ^ 1-20 

Barium aluminate is formed when a hot solution of barium hydroxide 
reacts with aluminum. 

2Al + Ba(OH )2 + "lUO -h Ba(AI 02 ) 2 - 5 H 2 O 

Allen and Roger, Ain. Cheni. J., 24, 304 (1900) 


Br 


\1 


A piece of aluminum was lowered into li(iuid bromine; when violent ac- 
tion began it was withdrawn. This was repeated until violent action 
ceased and then the aluminum was left in the bromine. 

2A1 + 3 Br2-*-2AlRr3 

J. W. Mallotte, Trans. Roy. Soc. (London), 171, 1003-35 (1881) 


1-21 


105 


Br 


A1 

Aluminum powder distilled with bromine yields aluminum tribromide 

2A1 + 3Br2-^2AlBr3 

Ref.: Homer, J. Chem. Soc. (London), 91, 1103 (1907) 


1-22 


109 


A1 


Chaifoal Ivcatod with aluiniiiuin reacts to form alumimim carlh.le. 
The reaction is slow at (i5t)° and rapid at I lt)()°. 

lAl + 3C '^ Al.t'a 

F ninok, Chem. />., 22. 236 (1K98) 

Ref.: .1. N. Bring, J. Clicm. Soc., (Lomlon). 93, 2103 (1908) 

Ref.: lialy and Marsden, .f. Chem. Soe (London), 93, 2108 (1908) 

Ref.: C. Matignon, Lull. Soe. (.’him. (4), 3, 3 .j6 (1908) 

Ref.: .1. F. Durand, Bull. Soe. Chim. [l\'l, 35, D1 0921) 


1-23 


57 
I OS 
SI 
SI 
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Aluminum powder (in excess) and charcoal or graphite can be made to 
react, with a fuse of Mg and BaOs, or upon heating in a muffle furnace 
at temperatures varying from 400° to 1100°, Aluminum oxide and 
nitrides are formed as contaminants due to air. 


(a) 

4A1 + 3C - 

-> AI4C3 

(b) 

4A1 -h 3O2 - 

2AI2O 

(c) 

2A1 + N2 - 

2A1N 


F. Weston and H. Ellis, Trans. Far. Soc., 4, 61 (1908) 


CCI4 



1-26 


Metallic aluminum reacts rapidly with dry vapor of carbon tetrachloride 
at 100°-120° to fonn aluminum chloride and hexachloroethane. 


2A1 -h 6CCI4 ^ 2AICI3 + 3 C 2 CU 

E. Baulieu, Jr., Ind. Eng. Chem., 17, 911 (1925) 


4 



A1 

® 1-26 
Powdered aluminum mixed with hexachlorobenzene in a sealed tube 
and heated to 225° produces aluminum carbide. The reaction is 
exotheimic and small quantities should be used to prevent explosions. 

lOAl -f CeClfi 2AICI3 + 2AI4C3 

C. Matignon, Bull. Soc. Chim. (4), 3, 359 (1908) 


Al 

(CH3COO)2Cu 

-Metallic aluminum slowly displaces copper from a solution of 
acetate. 


1-27 


copper 


(a) 3(CH3COO)2 Cu + 2A1 3Cu + 2(CH3COO)3Al 

(b) (CHaCOOfjAl + 3H2O A1(0H)3 + 3CH3COOH 

A. Cossa 

Kef.: A. Lieben, Ber., 3, 204 (1870) 

11 
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Al 

CH 3 COOH 1-28 

Aluminum metal dissolves slowly in strong acetic acid in presence of 
hydrogen peroxide at 15 ®. 

GCH3COOH + 2 A 1 [2(C2H302)3A1 + 3H2I 

Hodges, Chem. News, 123, 141 (1921) 

Ref.: J. Chem. Soc. (London), 120, 589 (1921) 26 


Al 

(CH3COO)2Pb 1-29 

Metallic aluminum slowly reacts with a solution of lead acetate to form 
metallic lead. 

(a) 3(CH3COO)2Pb + 2 A 1 3 Pb + 2(CIl3COO)3Al 

(b) (CH 3 C 0 ()) 3 A 1 H- 3H2O A 1 ( 0 H )3 + 3CH3COOH 

A. Cossa, 

Ref.: A. Lichen, Her., 3, 204 (1870) 11 


(C3H7)2Hg 



1-30 


Aluminum when heated to 130° with mercury dipropyl forms tripropyl 
aluminum and mercury. 


3(C3H7)2Hg + 2Al 2A1(C3H7)3 + 3Hg 


A. Caiiours, 

Ref.: A. Ilenninger, Her. 6, 5CH (1873) 


Al 


CaHel 


1-31 


At ordinary pre.ssure and in an atmosphere of inert ga.s, recently dis- 
tilled, dry ethyl iodide reacts readily with powdered aluminum at 
72°. The resulting solution contains a mixture of the two products. 

8C2II5I + dAl [(C'dD^-AlLl- + [(('2H5)2A1I1.. + hi 

Grignard and Jenkins, Hull. >8oc. Chim. (I\ ), 36, 845 (1921) 


31 
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Al 

(C2I)H2902)2Cu 1-32 

('opper in copper abietate is replaced by aluminum when a solution 
of copper abietate is allowed to stand in contact with the metal. 
Similar substitutions are effected when aluminum is left in contact 
with the solutions of the copper salts of the following acids; cinnamic, 
acetoacetic, palmitic, margaric, phthalic, camphoric, lauric, caproic 
and isovalerianic. 

2A1 + 3(Ci9H29COO)2Cu ^2(CioH2oCOO) 3A1 + 3Cu 

C. B. Gates, J. Phys. Chem., 16, 97 (1911) 7 




CO 


1-33 


If aluminum is melted and boiled in the presence of carbon monoxide it 
!orms aluminum trioxide and aluminum carbide. 

3C0 + OAl ^ AI 0 O 3 -f- AbC '3 

.]. X. Pring, J. Chein. Soe., (hondon), 87, 1532 (1905) ; 0 . 


Al 


CO 


1-34 


Wlieii metallic aluminum is treated with carbon monoxide at high 
tempei-atures, aluminum oxide and aluminum carbide are formed.'’ 

3C'() + (;.\1 - AhOj + 

J. X. I’ring, J. Chem. Sioc. (hoiulon), 87, 15,32 (10051 
P.cf,: It. K. Slade, /bid., 93, 3:12 (190S) 

/oe 


Hot.: It. l-^ Slade, loc.cit. 


CO 


Al 


Aluminum is easily and completely oxidized to aluminum oxide hv the 
action ol carbon monoxide. The latter reduce.s to carhon. 

2Al -h 3C'() ^ AUO 3 -p 3e’ 

Uoland I-;. Slude and GoolTrcy I. Iligso.i, J. Chem. Sm-.. U 5 : 1 , 212 (1919) 


1-36 


4S 


CO 


Al 


Aluminum reacts with carbon monoxide at 12()()-13()[)^. 

3C^O-f-2Al^Al,(>3-h3C 

•h m. k, Bull. Sue. Cliiin. (3i. 11 , .439 ( 1 S 94 ) 


1-36 


eo 
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Al 

CO 1-37 

CO2 

Aluminum in presence of a trace of AICI 3 reacts with CO and CO 2 to 
form aluminum carbide and alumina. 

(a) 6Al + 3CO AI 4 C 3 + AI 2 O 3 

(b) 8AI 4- 3 CO 2 ^ AI 4 C 3 + 2 AI 2 O 3 

Guntz and Masson, Coinpt. llend., 134, 187 (1897) 

Ref.: J. N. Pring, J. Chem. Soc. (London), 03, 2103 (1908) 57 


Al 

Ca(OH )2 1-38 

An aluminate is formed when aluminum reacts with a solution of lime 
water. 

2A1 + 2Ca(OH)j + IIjO ^ CajAl.Os + 3H. 

Allen and Rogers, Am. Cliem. J., 24, 304 (1900) 25 

Al 

Ca3(P04)2 ^-38 

Calcium phosphide can be prepared by heating a mixture of the phos- 
phate with aluminum powder to dull rt^dness in a crueible. 

3('a3(P04)2 + lOAl -^3Ca3P2 + 8 AUO 3 

C. Matignon and K. Trannoy, Coiiipt. rend., 148, 167 (1909) 

Ref.; G. Ter Gazarian, J. Chini. phys.. 7, 337 (1909) 

Ref.; Matignon and Trannoy, Bull. Soc. Chim. (4), 6, 267 (1009) 


51 


.VI 

Ca(P03)2 + SiO> 

Phosphorus is formed along with a mixture of aluminum oxide and cal- 
cium silicate when a mixture of aluminum, sand and calcium meta- 
phosphate is heated to rediie.ss. 

lOAl 4- 3C’a(P03)2 4- 3Si02 — > 3(’aSi()3 4- o VbOa 4- 31*2 

Uossel atul Frank, Ber., 27, 62 (1894) 


Al 


CdSO 


Ml 


(’admium sulfate and aluminum metal react to release cadmium and 
aluminum sulfate from .solution. The reaction is e.xothennic. 

2A1 4- 3(’dS(), -> AI-.(S(>i) 3 + 8Cd 4- 185.7 cal. 

J. Salouze, Bull. Soc. ('him. (4), 61, 1360 (1932) 


51 
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C03O4 



1-42 


When cobalt tetroxide is intimately mixed with powdered aluminum 

and ignited, a violent reaction takes place releasing a large amount 
of heat. 


3 C 03 O 4 -}- 8A1 — > 4 AI 2 O 3 + 9Co -|- A 

H. T. Kalmus, J. Ind. Eng. Chem., 6, 114 (1914) 


CoS 


A1 


143 


Cobalt sulfide is added to fused aluminum and the mixture is heated 
in an atmosphere of inert gas. 

3CoS + 2A1 AI 2 S 3 + 3Co 

Parravani and Agoatini, Gazz. Chim. Ital., 49, I, 103 (1919) 


26 


A! 


Cr 

H2S 


144 


On heating, m a .stream of HaS, a mixture of aluminum and chromium 
m the proportions of 2:1 with a slight excess of aluminum, one obtains 
a black crystalline mass attacked by water, and leaving a reddish 
crystalline residue. After washing with HOl, etc., the residue was 
tonnd to have the composition shown below. 

2A1 + Cr + 4 H 2 S ALSa-CrS -f- 4H2 

M. Iloudard. Compt. Rend., 144, 1114, 21, 5 (1907) 

Ref.: U. Marquis, Bull. Soc. CInm. (4). 1, 843 (1907) 
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Cr203 


A1 


Metallic chromium is prepared when a mixture .■ontaiuing theoretical 
amounts ot aluminum powder and chromium trioxide is ignited 

2A1 + Ci-.d),^ AI 2 O .3 + 2('r 
Goldschmidt, Ann., 301, 27 (1898) 


146 
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Al 


CrOs 

Cr203 


1-46 


Metallic aluminum, 98.50^ pure, is obtained by fusing a mixture 
of chromic oxide and chromium trioxide with powdered aluminum 
(000:120:270) in a magnesia-lined crucible. The vigorous exothermic 
reaction ensuing lasts about a minute. 

The impurities in the chromium are usually silicon, aluminum and 
iron. 

(a) C'r ()3 + 2AI C'r + Xhih 

(b) ('r.Oa + 2A1 -> 2C’r + AM)., 

Kniile N’isroroux, liull. Sue. ('him. (4] 1, 10 (1007) 


.<^5 


Al 

CrsO, 1-47 

B 

4 

Amorphous bort»n is heated to 2000 '^-3000'^ l>y means ot a mixture ot 
chromic oxide and aluminum. 

(’iM )3 + 2A1-1-2H ^ 2('rll + (Al-Os) 

WcdckiiKl ami Fct/cr, Bor., 40, 297 {1007) ^5 


Al 


CrOa 

MgO 


1-48 


Cliromium may i)e pi’(‘par(‘<l in a \ {‘ry pure state 1)\' lii'at ing a mixture of 
chromic aiiliydride oi- the ses(iuioxide with aluminum in a magnesia- 
lined crucible. Some metallic magnesium may also serv(‘ to reduce 
the oxides ot chromium a.s .'^hown m (*()uatioii f<i). I Ik* i(‘acti()n is 
complete in one or two minutes, d('p(‘nding on the proportions of 

reactants. 


(a) 

(h) 

( 0 ) 

(d) 


(CrO:; -i- 2\\ -> Cr T Ai,();,) 
(C’lM), + 2.\1 -> 2Cr T .Wh) 

(3Mg(> -f 2.\1 -> 3Mg + AbO,) 
(('r.O, T :bMg > 2('r + 3Mg()) 


K. Vigour«}U.\, Bull. Soo. (’him., 1, 10 (19()( ) 


SI 
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Cu 


Cu 


\\ 


1-49 


A brittle, silvery white, liistroiis compound is obtained when equal 
parts by Aveight of copper and aluminum are melted together. 

9A1 + 4Cu CU 4 AI 9 

Brunek, Bcr., 34, 2733 (1901) 


A1 


1-60 


The equilibrium diagram for the C'u-AI system above 400° shows that 
the only definite compound foi-med is that given below, but six series 
of solid solutions are observed. There is no evidence for the previ- 
ously claimed compounds: CiijAl, CiuAl, CugAb, and CihAIj. 

C'u 4- 2A1 -4 CuAj. 

Uo. K. Curry, J. Pliys. Chem., 11, 425 (1907) 7 


A1 


CuCb 


If aluminum is dipped into a solution of cujji’ic chloride, metallic copper 

deposits readily with slow evolution of hydrogen; the solution is decol- 
orized. ‘ 

4AI + 3CU++ + am 3Cu + 4A1^-^ -f SH, 

Juroslav Heyrovsky, J. Cl^om. 80c.. 117: 1, 29 (1919) 


1-61 


4S 


A1 


CuCl 


^ 1-62 

Metallic aluminum reduces copper chloride solution to metallic copper. 

2A1 + 3C’uCl, 3Cu + (2.A.1C1,,) 

AlCl, + 3H,0 AKOH), + 3HC'1 

A. Liohcti, Mor. 3, 204 (187(0 


II 


A1 


1-63 

Hy treatiuK a cujiric chloride solution with aluminum the copper will 

he deposited at once, hut the ileposition is slower from a cupric acetate 

solution 1 he depo.s,tion from the .sulfate and nitrate solutions is only ‘ 

appreciahle alter two .lays. Th,. Cu will then he in the form of octa- 
ruHiral 

:H’iiCI, + 2A1 -^3Cu -h (2A1C1:,) 

Cu^sa. Atii tlfir IhMUuh, Venn.. |;q 6. 1 
IN-I : A. l.icltfti. 3, 201 i l.sToi 
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Al 

CU 2 OI 2 

Pure copper may be obtained by the reduction of a cuprous chloritle 
solution with aluminum metal. 

Aluminum turnings are added to a cuprous chloride solution. Fre- 
quent stirring or shaking hastens the reaction ; 500 grams of turnings 
react in less than 24 horn's. When the reaction is complete the copper 
metal falls to the bottom of the flask and the supernatant liquid is clear. 


3 CU 2 CI 2 + 2A1 ^OC’u + (2AlC'i3) 

K. ViK<)urou\. lUill. Soc. (’him., 1, 9 (1907) 



AI 

CuS04 1-66 

Metallic aluminum slowly reacts witli a solution of copper sulfate to 
form metallic coppcu’. 

(a) 3C’uS(), + 2A1 -> A1..(S()4)3 + 3Cu 

(b) Al2(S()i)3 4- OH.O 2A1(()II)3 + 3H2S()4 
A. Cossa, 

Uof.: A. Lieben, Her.. 3, 204 (ISTU) 11 

Uef.:J. il. ^oyrovsk\^ J. Chrm. Soc-., 117; 1. 29 (1919) .',8 

Hcf.; !•;. iUill. Soc. (’him,. 1, 10 (1907» 31 


Al 

Fe 1-66 

Iron-gray, dense, lance-shaped crystals are obtained when one part of 
iron and three parts of aluminum an' nu'ltc'd tog('ther and crystallizc'd 
from 2^'( hv<lrochloi-ic acid. 

'V • 

:i.\l + I'e -> FeAU 

linmck, Her.. 34, 2733 (1901) / 


Al 

FeCl. 4- NaCl 1-67 

Six-sided i)risms were obtained wlu-n aluminum, ferrous chloride and 
sodium chloride wr're nu-lted togcdhc'i-. 

S.\l 4 - ;Ud-(‘l, ' (2.\I('i.,) 4- 'M'i-W, 

.Miol.ol, Amt.. 115, lOl (iMito ^ 
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AI 


FeCl 


1-58 


If aluminum is dipped into a solution of ferric chloride, a dark powder 
deposits, with slow evolution of hydrogen. 

4A1 + 2 FcCl 3 + 6 H+ ^^e -|- 2 AICI 3 + SHo + 2A1^ 

Jaroslav Hcyrovsky, J. Chein. Soc., 117: 1, 29 (1920) 


48 


AI 

1-69 

Metallic aluminum dissolves in an aqueous solution of ferric chloride 
and part of the hydrogen evolved reduces the chloride: 

AI -{- 3(l-.r)II+ + S-rFe-^ ^ AI + 3jFe+-*- + f ( 1 -j-)H 2 

W. Heller, J. Chim. Phys., 29, 488 (1932) gg 


AI 


Fe^O 


If finely powdered aluminum is mixed with FooOa and enough heat ap- 
plied to start the reaction, the ferric oxide is reduced to molten iron. 

2A1 + FcoOg — > AI 2 O 3 -h 2Fe 

II. T. Kalmus, J. Iml. Eng. Chem., 6, 1 14 (1914) 


1-60 




Fe304 

S 


AI 


1-61 


II a fmoly powdered mixture of aluminum, magnetite and sulfur is 
igniterl, the following reaction takes place. 

8A1 + SFejO, + 9S -> 4 Al /)3 -f- OFeS 

H. Hay, J. Ind. Eng. Clicm., 13, 642 (1921) 


22 


AI 

Fe2(S04)3 

Alummmn m aluminum pow.ler may l,e quantitatix-elv determined by 
i-dming terrie sullate m aqucou.s medium and carbon dioxide atmos- 
plieie, then titrating tlie lerrous sulfate formed bv a potassium per- 
manganate solution. The method is given in detail. 

31'e;(.S(.),)3 + 2AI AhtSO.,).-, + OFeSO, 

1.. Kohii-Abrest, Coinpt. rend., 147, 1294 (lOOS) 


1-62 
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A1 

Fe2(S04)3 1-63 

One gram of aluminum powder is mixed with ferric sulfate (about 25 g) 
and dissolved in 75 cc of water, and heated to 100°. The aluminum is 
oxidized to aluminum sulfate, and the iron is reduced to ferrous sulfate. 

3Fc 2(S04)3 + 2AI — > Al2(S04)3 + GFeS04 

Kohn-Abrest, Ann. Chim. Ana!., 14 , 96 (1909 ) 76' 

A1 

^€2(804)3 I _64 

0.5 g of metallic aluminum powder is put in a small-neck flask and to- 
gether with 20 g of ferric sulfate diluted in 50 cc of water. A cui-rent 
of carbon dioxide is passed through the solution and the solution is 
heated on a water bath. 

3Fe2(S(3.,)3 + 2A1 -> Al2(S()4).3 + ()FeS()4 
E. Kolin-Abrest, Ann. Chim. Anal., 9, 3S2 (1901) joo 

A1 

GeO. 1-66 

Metallic germanium is formed when a mixture of g(*i-manium dioxide 
and granular aluminum is ignited. 

3CJe()2 -h -lAl ->3(:e -f (2.Vl2().3) 

Dennis, Tressler atul Ilance, .1. Am. Clioin. Soc., 45, 2033-31 (1923) / 


HCl 


A1 


Aluminum dissolves in hydi'ochloric acid with (‘volution of hydrogen. 
The heat of the ix'action (a) is 11.033 calories; it can be r(‘garde l as tlie 
dilTerencc of Imats of ionization of process(‘s (b) and (c). 

(a) 2A1 + (111(3(200 a(i.) ->2Al('l3 + 311. 

(1)) 2.\l -^2AI‘ ^^ + (ie- 

(c) II - > IF + c- 

Jaroslav Heyrovsky, •!. Clxan. Soc., 117: 1, 35 (1920) 


1-66 


'^8 


HI 


M 


1-67 


Metallic aluminum di.ssolv(‘.s readily in li<iuid bydriodic acid, yielding 
aluminum iodide. 

2. VI T (1 1 1 1 — > 2AI [ 3 d" 3 IF’ 

Norris and Cottrell: .Vm. (’hem. .1., 18, 100 (IsOtit / 
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A1 

HI 

C2H6OH 


1-68 


Hydrogen iodide is passed into ethyl alcohol containing powdered 
aluminum. 


2A1 + 12HI + GC2H5OH ^ 2AII3 + GC0H5I + GH2O + 3H: 

Jones and Green, J. Chem. Soc., 928 (1927) 


926 


A1 

H2M0O4 

NajAlFs 


A black crystalline powder is obtained wlien the residue after evaporat- 
ing molybdic acid with hydrofluoric acid is ignited with a mixture of 
aluminum and cryolite. 


GAl + H2M0O4 -b 2 Na 3 AlF 6 

^ AI4M0 + (H2O + SNa^F. + Ai.Oa) + 2AIF3 
Michel: Ann., 115, 102 (1860) 


HN3 



1-70 


Aluminum nitride forms when powdered aluminum is heated 
red heat in a current of dry triazoic acid. 


to a low 


GAl + 2HN3-^ GAIN + (H.) 

Softanopoulos, Bull. soe. chim., (4), 5, 614 

Ivcf.: J. L, How. J. Am. Chem. Soc., 31, 1292 (1909) 


HNO, 



1-71 


A ijusic aluminum nitrate forme<l 
witli aluminum. 


^\ hen dilute nitric acid i.s reacted 


4Hj() + 2A1 + 2HX()., Al;(X(),)..4H.O + (H5) 

Ditto, Conipt. rend., 110, 7S2 
Kef., J. Am. Chem. Soc., 19, 716 (1897) 
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Al 

HNO3 

Aluminum leacts with 5—20% nitric acid at 25—30° slowly with forma 
tion of aluminum nitrate. 


Al + 4HX()3 ^ A1(X03)3 + XO + 2 H 2 O 

Van Deventer, Chem. Weekblad, 4, 69 (1907) 

Kef.: J. Chem. Soc., 92, 265 (1907) 


Al 

H2O I_73 

The combined action of the hydrog<‘n cation and the chloride, bromide 
and iodide anions activates aluminum so that it decomposes water witli 
evolution of hydrogen. Dilute or concentrated hydrochloric acid or 
potas.sium, barium and sodivun hydroxide cause strong evolution of 
h^’drogen. 

2A1 + GII 2 O -> 2 A 1 ( 01 I )3 + 3 II 2 

Jaroslav Heyrovsk^, J. Chem. Soc., 117:1, 28 (1920) 4 s 

Al 

H 2 O 1-74 

Aluminum in the presence of AII 3 , AICI 3 or AlHia, decompo.ses wat(‘r to 
form aluminum oxide and hydrogen. 

2Ai + 3II>() ^ 3 II 2 -H AUh 

R. Gerstl, Ber. 8(1), 831 (1875) ;?6' 


H2O 


\l 


Pure liydrogen may be pioduced by reacting water with finely divided 
aluminum to which has been added small amounts of mercuric chloride 
and potassium cyanide. To obtain tlie maximum yield of hydrogen, one 
liter of water is reacted witli 1 kg. of tlaMiudal and additions, tin* heat of 
reaction being held below 80°. 

2A1 + 31120 -> AM)3 -f 311. 

Mauricheau-Boaupre, Compt- rend., 147, 310 (190S) 


1-76 
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Al 

H2SO4 1-76 

Sulfuric acid reacts with aluminum at ordinary conditions producing 
hydrogen and aluminum sulfate. (Quantitative for hydrogen.) 

2A1 + 3H2SO4 Al2(S04)3 + 3H2 

J. H. Capps, J. Ind. Eng. Chem., 13, 810 (1921) 

Al 

HsSiFe 1-77 

Hydrogen peroxide is formed if aluminum is shaken with a 1% solution 
of fluosilicic acid in the air. 

2A1 + SHsSiFe + 3O2 ^ SH.Os -f- (Al2(SiF6)3) 

Fischer and Prioss, Ber., 46 , 698 (1913) 


Al 

HgC^HsCl 1.78 

Mercuric ethyl chloride in benzene reacts easily with aluminum on 
warming, producing a gas wliich is probably butane. 

2Al -f- GHgCoH^Cl -> 6Hg + 2AICI3 + 3C4H10 

J. L. Sammis, J. Phys. Chem., 10, 593 (1906) 7 


Al 

HgCN 

Metallic aluminum reacts with mercurous cyanide to form free mercury, 
(“) 3HgC'X + Al ^ 3Hg + (Al(CN),) 

(A1(CX)3 + 3 H 2 O ^ A1(0H)3 + 3HCX) 

\. Cdssa, 

llof.: A. Lichen, Her.. 3, 204 (1870) 


1-79 



Hg(CN)2 



Mercury is formed along with a double compound 
treaterl witli afjuoous mercuric cyanide. 


1-80 

when aluminum is 


(a) 4A1 + 3Hg(CX)., ^ 2A1(CX)3 + Hg3Alo 

(b) 2AI(CX)3 + llgjAlj + OHjO -> 2Alo03-GKCX + 3Hg + 3H2 

U. Varet, Compt. rend., 112, 224 
Kef., Ber., 26, 189 (1892) 


25 
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Hg(CN)2 


A1 


Aluminum and mercuric cyanide react in liquid ammonia to form alum- 
inum cyanide and mercur\'. 

2A1 -}- 3Hg(CN)2 2A1(CN)3 + 3Hg 

V. W. Bergstrom, .1. Am. Chem. Soc., 46, 1559 (1924) 


1-81 


IS 

1 


Hg(CN). J.82 

A double mercuric aluminum cyanide is formed when aluminum dis- 
, solves in mercuric cyanide. 

2A1 -f 6Hg(CN)2^ 3Hg(CX)o.2AUCN)3 -f- 3IIg 

F. W. Bergstrom, J. Am. Chem. Soc., 46, 1564 (1926) ; 

Al 

HgCl I_g3 

^letallic aluminum reacts with calomel to form free mercury, which 
then forms an amalgam with aluminum. 

(a) SllgCl + AI -> Sllg -f AICI3 

(b) AlCb + SIM) A!(()n)3 -b 3IIC1 


A. Cossa, 

Ucf., A. Lichen, Bor., 3, 204 (1870) 


// 


.VI 


HgCl: 


1-84 


When a thin alumimun i)lato issliglitly lieated witli dry mereui’ic clilo- 

ride a vigorous reaction takes place, whereby aluminum chloride and 

tree mercury are formed. 

% 

SllgCl, 2A1 -> 2Al('l3 + 3llg 

A. Cossa, 

Ucf., .Vd. Licl)cn, Ber., 3, 368 (1870) 


n 


W 

Hgis 1-86 

Metallic aluminum liberates mercurv fiom a. solution of mercuric iodide 

% 

in pota.ssium iodide. 

3IIgIi> -f- '2A1 -f- bll-jt) — ' 3llg d" 2.VI (t )I I ),-[ d“ tilll 

A. Cossa, 

Ut‘f,, Ad. Licljcti, 3, .368 (l87Ui // 
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Al 

HgCNOs). 1-86 

Metallic aluminum reacts with mercuric nitrate to form fiee mercurv. 

(a) 2A1 -f 3Hg(N03)2 ^ 3Hg + 2A1(N03)3 

(b) AI(X03)3 + 3H3O ^ A1(0H)3 + 3HXO3 

A. Cossa, 

Uef., A. Licbcn, Ber., 3, 204 (1870) 11 


Al 

I2 1-87 

Aluininuin iodide is formed when the necessaiy amount of iodine is 
heated with aluminum in a stream of dry carbon dioxide. 

2A1 + 31. -> 2AII3 

M. (lustavjson, Ann,, 172, 173 (1874) 


Al 


Aluminum iodide is formed when iodine is dissolved in carbon disulfide 
and sheet aluminum added. 

2A1 + 3Io ^ 2AII3 

P. De Boissifu, Bull. Sue. Cluin., 49, 17 
Ucf., M. I.., .J. .Vtn. Choin. 80c., 10, 114 (1888) 


1-88 


Al 


Aluminum wire or sheet is placed in a retort arranged so that gas may 
be passed through it. Not more than .,U to . J,, of the calculated 
amount of iodine is added wliile a stream of carbon dioxide is being 
passed through the system. The reaction is vigorous and light is 
evolved, when the retort is heated. After the reaction .slows, addi- 
tional small portions of the iodine are added. So much heat is produced 
that tlie aluminum triiodide is luiuid. The stream of carbon dioxide is 
sto])p('d during the additions of iodine. After all of the iodine has been 
added the mixture is heated until it is liquid. 

2A1 + 31. ^ 2AII3 

M. (1. C'.ustavson, Ann. Chem. u. Pharm., 172. 173 (1874) 


1-89 
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U90 

Aluminum in alcohol is added to a solution of iodine, yicldina aluminum 
triiodide. 


3 I 2 + 2AI 2A1U 

Jones and Green, J. Chem. Soc. (London) (1027), p. 928 



I 


Al 


1-91 


Aluminum wire is heated with I2 in an atmosphere of carbon dioxide. 
Alls i.s successively distilled, from excess of Al, from one retort into the 
next one. The final i>roduct is heated in a sealed tube with Al wirt‘ 
until the iodine disappears. Pure Alls, melts at 191°C\ 

2AI + 3I2 ^ 2AII3 

V. Izhokov and Xijnik, J. (Jen. ('lieni. (I'SSIt), 7, 1208 (10:17) 


ao 


KAu(CN)2 + KOH 



1-92 


Metallic gold and aluminum trioxide separatt* while potassium cyanide 
is formed when an alkaliiu* .solution of potassium auroevanide is treated 
with aluminum. 


2Al + bKAu(UN),. + (iKOll ^ (i.Vu + 12K('X + \U(h + SILO 

Moldenhaiicr, I). H. 1*. 71532 fl8i!3> 

Hef.; Jicr., 27, 678 (1804) 25 


\\ 


KCNS + HCl 


1-93 


Hydrogen sulfide is cNolved ([uatil it at ivtdy when a solut ion of ])otassium 
thiocyanate is treated with aluminum ami hy<li-oehloric acid. 

4A1 + 3K(’XS + 181 K 'I -- lAK'l;, T 3K(’! T 3X11, Cl + 3C -f 31 I.S 

1*. Dohinor, ’A. iinal, Chnii., 46, 737 (1^07) 
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A 1 

KCNS 1.94 

NH4CNS 

A mLxture of dry aluminum powder and potassium thiocyanate powder 
is ignited. The temperature of the reaction is 900°. Aluminum nitride 
is formed. At elevated temperatures aluminum sulfide is obtained. 

The same type reaction occurs with ammonium thiocyanate. 

(a) 2A1 + 2KCNS ^ AI2N2 + 20 + K2S2 

(b) AI2N2 + 2K2S2 + 2C AI2S3 + 2KCN + K2S 

(c) 2A1 -b 2NH4CNS AI2N2 + 2C + (NH4)2S2 

(d) AI2N2 + 2(NH4)2S2 + 2C ^ AI2S3 + 2NH4CN + (NH4)2S 

A. C. Vournason, Z. anorg. Chem., 77. 191 (1912) ■ , $8 

A1 

K2C2O4 1-96 

A\Tien solutions of potassium oxalate are electrolyzed with an aluminum 
anode complex anions of this metal are formed. 

2 A 1 + 30207 “ + 3K2C2O4 + 6H2O + E 2(IC3A1(C204)3-3H20) 

F. H. Jeffery. Trans. Far. Soe., 19. 53 (1923) gg 


w 


KCIO 


3 


1-96 


Ihe teims: explosion, effect of explosion, thermite, are discussed in 
respect to the reaction: 

2A1 + KCIO3 AI2O3 + KCl 

H. Schimank, Z. Elektrochem., 24, 213 (1918) 


86 


K2Cr207 

KzSiFe 

Cr 


A1 


1-97 


. douljle silicide of aluminum is formed when 2.6 grams of chromium, a 
con espondmg amount of potassium dichromatc, 40 grams potassium 

halT houf aluminum are heated together strongly for one 

3A1 + 3K,Cr,0, + SK.SiFe + lOCr 

Cr.AlSi, + (OK.Fo + TCroOs + 2AIF3) 

Manchot and Kieser, Ann., 337, 354 ( 1904 ) 


1 
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A1 

SKF-ZrK^ j g0 

Metallic aluminum reduces potassium fluoride-zirconium fluoride to 
metallic zirconium at the temperature of melting copper. 

3(3K - FZrFd + 4AI 9KF + 4 AIF 3 + 3Zr 

Benno Franz, Ber., 3, 59 (1870) ^ 

A1 

K3Fe(CN)6 4-KOH X-99 

Potassium ferricyanide is reduced by aluminum filings in the presence 
of potassium h}’^droxide. 

K 3 Fe(CN )6 + 4K()H -f- A1 ^ K 4 Fc(CN )6 + K 3 AIO 3 + HoO -f- \h 
L. E. Preiss, Am. Chcm. J., 28, 240 (1902) } 

A1 

KNH 2 I-lOO 

Potassium ammono aluminate is formed when amalgamated aluminum 
is dissolved in a solution of potassium amide. 

4ng + 2A1 + GKXII.-^ 2Al(Nn2)2NIIK + (4KHg -f H 2 ) 

F. W. Bergstrom, 

Ref., J. Am. Chem. Soc., 46, 1548 (1924) / 


A I 


K2TiF 


6 


I-lOl 


Aluminum titanide is formed when a mi.\ture of potassium fluotitanate 
and aluminum is heated to 7()0° - F1()0°. 

13A1 + 3K2TiFc--> a.VlaTi + ( lAlF^ + 3 K 2 F 2 ) 

Mancljot and Loher, Z. anorg. C4iem., 160, 20 (1925) 


26 


A1 

LiaCOs 1-102 

Heat lithium carbonate with aluminum in the proportion 2:1. The 
free lithium metal is formed together with carbon and alumina, d'he 
metal alloys with the excess aluminum and a small amount of aluminum 
carbide is formed. 

biA'()3 + 2A1 2Li T XUh + (' 

L. Franck, Hull. Soc. Cdiini. Parks (3) 11, 439; and C'lieni. Zeif,. 22, 2;10 (IS9H^ 3 
(1894) 
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A1 

LiOH 1-103 

An aluminate is formed when aluminum reacts with a solution of lithium 
hydroxide, 

4A1 + 2LiOH + ICHsO-^ 2LiH(A102)2‘5H20 + 6H2 

Allen and Rogers, Am. Chem. J., 24, 304 (1900) 


A1 

LiOH + H 2 O 1-104 

Caustic lithia reacts with aluminum quite vigorously. A white granular 
substance separates which is a difficultly soluble aluminate. 

LiOH + 2A1 + 8H2O ^ LiH(AI02)2-5H20 -f (3H2) 

E. T. Allen and H. F. Rogers, Am. Chem. J., 24, 304-318 (1900) 2 

Ref.: Dobbins and Sanders, J. Am. Chem. Soc., 54, 178 (1932) 1 

Ref.: J. Hegrousky, J. Chem. Soc., 118 , 1013 (1920) / 


A1 

Mn 1.105 

Thin white crystals arc obtained when one pai t of manganese and six 
parts of aluminum are melted together under a layer of common salt 
and then treated with 2% hydrochloric acid. 

7A1 + 2Mn AlnoAL 


Brunch, Her., 34 , 2733, (1901) 


2S 


Al 

MnCb j.lOo 

Manganese chloride and metallic aluminum when melted together fonn 
an alloy which will scratch glass. 

3MnCl2 + 3A1 ^ 'Mn^W -f 2AICI3 

Terreil, 

Ref., A. Henninger, Ber., 7, 363 (1874) 


Al 


MnCl 


A crystalline alloy is obtained when ahiminum is melted with 
nous chloride. 

Al -b 3MnCl, MiigAl -f (SCb) 

dVrreil, Ber. 7. :iG3, 1H74 


1-107 


manga- 


25 
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Al 

MnCL l~10B 

A dark graj*^ crystalline powder is obtained when anhydrous manganese 
chloride, sodium chloride and aluminum are melted together. 

11 Al + SMnCb (2AICI3) + 3MnAl3 

II. Michel. Ann. 116, 104 (1860) ^5 

Al 

M 0 O 3 I_109 

An oxide is probably formed when an intimate mixture of molybdenum 
trioxide and powdered aluminum are heated in air. 

GM0O3 -b 2 A 1 3M02O5 -b AI2U3 

C. H. Ehrenfclcl, J. Am. Chem. Soc., 17, 303 (1895) / 


Al 


N2 

(NaiCOs) 

When heated strongly aluminum (in the presence of sodium carbonate*) 
reacts with nitrogen to form a slaggy mass of aluminum nitride and alu- 
minum. This is an extremely hard substance rivaling topaz. 

2A1 + No ^ 2 AIN 

J. W. Mullet, 

Ucf., U. (lor.stl, Her., 9. 1, 010 (1876) 


I-llO 


20 


w 

NH3 I-lll 

Ammonia gas will react with powdered aluminum at betw(*en 820° and 
850° to produce aluminum nitride. 

(2A1 + 2Nn3 -> 2.V1X -b 3 II 2 ) 

D. Wolk, Hull. Soc. Chim. llVi, 7. 772 (1010) 31 


W 


NH 


1-112 


Powdered aluminum is li(*ated iti a })oicelain tube about to its fusion 
temperature, and a sti-(‘am of XII;j is [)as.s(Ml through it. 'FIk* following 
r<*aetions result : 

2Al I- 2X11:, > .\1..X2 I 311-. 

.\tli. .1. Soliunoixuilos, Hull. .Sue, (’him , [I], 5, 616 (I'.IOD) 


31 
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A1 

NHa 1-113 

Aluminum nitride is readily prepared by heating aluminum powder to 
a low red heat, insufficient to fuse the aluminum, in a current of dry 
ammonia. 

2A1 + 2 NH 3 2A1N + ( 3 H 2 ) 

Sofianopoulos, Bull. Soc. Chim. [4], 6, 614 

Ref.: J. L. Howe, J. Am. Chem. Soc., 31, 1292 (1909) / 


A1 

NH3 + K I_114 

Amalgamated aluminum reacts with a solution of potassium in liquid 
ammonia to produce potassium ammono-aluminate. 

A1 -f- 3 NH 3 + K ^ A1(NH2)2NHK + 2 H 2 

F. W. Bergstrom, J. Am. Chem. Soc., 46, 1548 (1926) 1 



N2H* 

Aluminum nitride is formed when powdered aluminum is 
low red heat in a current of hydrazine vapors. 


1-116 

heated to a 


2 A 1 + N2H4 -> 2 A 1 N + (2H2) 

Sofianopoulos, Bull. soc. chim. [4], 6, 614 (1908) 

Ref., J. L. Howe, J. Am. Chem. Soc., 31, 1292 (1909) (Abstract) 



NH4OH 

Ammonium orthoaluminate is formed when aluminum 
monium hydroxide. 


1-116 

dissolves in am- 


2 A 1 + 6NH4OH 2(NH4)3A103 + 3H2 

Gottig, Bor., 29, 1671 (1896) 


A1 

NaAg(CN )2 , 

NaOH 

Silver is precipitated from its solution in sodium silver cyanide by alu- 
minum dust and sodium hydroxide. 

2 NaAg(CN )2 + 4XaOH + 2A1-^ 4NaCN + 2 H 2 + 2 NaA 102 

C. Spearman, Can. Chem. Met. Eng., 9, 57 (1925) 


15 
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1-118 


A 1 

NaaAlFe 
H2WO4 
NaCl 

An iron gray ciystalline powder is obtained when tungstic acid is 
melted with a mixture of cryolite, aluminum and sodium chloride. 

H2WO4 + 2Na3AlF6 + GNaCl + GM 

AbW -f- (H2O + 6Na2F2 + 2AICI3 + AI2O3) 

Michel, Ann., 116, 102 (1860) * ; 


A 1 

Na2C03 1-119 

Aluminum reduces sodium carljonate at a high temperature producing 
alumina and sodium. 


3Na2C03 + 2 A 1 XUSh + ONa + (SCOo) 

J. VV. Mallet, J. Chcin. Soc. (London), 30, 349 (1876) 


13 


A1 

NasCOa • 1-120 

Free carbon and sodium alumiiiale are formed wh{‘n sodium eaibonate 
is strongly heated witli aluminum. 

2^\1 d" dNa^t-Oa — ^ 2 Na 3 A !03 -|“ U (t-O^ ~t~ ( O) 


C. and A. Tissier, Coinpt. rend,, 43, 1187 
Uef., Ann., 186, 155 (1877) 


^5 


\\ 


Na2C03 

N 


1-121 


Aluminum nitride is i)ro(lu(aMl l)y luxating aluminum in a grai)hite 
crucible for several liours at a moderates tem|)erat ure with dry .■sodium 
carbonate. 

3 Al -j- Naj(H )3 -f- N — > Al.\ -j- Ai2()3 "b C -|- 2Xa 

J. W. Richards. J. Ind. Kng. CMieni., 6. 333 (1013) 


22 


W 


NaF 


Heat together nudallic aluminum and sodium fIuorid(*. 

GXaK f AI ► ;iXa f Xa^.MKe 
Heinrich Specketer, Z. .\ngc\v. ('hem., 26, 111 (1013) 


1-122 


34 
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A1 

NaNOo 1-123 

When sodium nitrite solutions are electrolyzed with an aluminum 
anode, the products are hydrated aluminum oxide, NO and HNO 2 . 

(a) A1 + 3 NO 2 + 3e A](N02)3 

(b) A1(N02)3 + 3 H 2 O ^ A1(0H)3 + 3HNOo 

(c) 2 HNO 2 ^ NO + H 2 O + NO. 

F. H. Jeffery, Trans. Far. Soc., 19, 53 (1923) 85 


A1 

NaOH 1-124 

Sodium motaluminate is formed when aluminum dissolves in sodium 


hydroxide. 


2Na()H + 2A1 + 2 H 2 O 2NaAl02 + SH. 


.Vilen aiul Rogers, .Vm. Chem. J., 24, 304 (1000) 
Ref., J. Chem. Soc. (London), 78, 727 (10(M)) 


1 


Al 


NaOH 


1-126 


Aluminum reacts with a strong sodium hydroxide solution liberating 
hydrogen. 

(INaOlI + 2A1 2 Na 3 A 103 -|- 311. 

J. W. .Maliette, Trans. Roy. Soc. (London), 171, 1003 (18K1) 


105 


Al 


NaOH 


1-126 


Aluminum powder added to aqueous solution of pure sodium hydroxide 
reacts vigorously at first with considerable frothing. In a short 
while the frothing ceases and the reaction proceeds quietly. 

2\a()II + 2A1 + 2IIo() 2XaAl(), + (SH.) 

J. K. Wood. J. Chem. Soc., London, 93, 420 (1908) 


57 


Al 


NaOH 


1-127 


(auslic .-^oda and alviminum tilings phis water give heat of 700 H T V 
per iK)und of mixture. I’sed in defrosting oil wells. 

ONaOH + 2A1 2Xa3Al()3 -f 3 II 2 

. P. Ciirnphell, Can. .Min. iV .Met. Hull. .\'o. 213,163 (1030) 


15 
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Metallic mercury is recovered from mercuric sulfide by leaching with 
caustic soda and sodium sulfide solution. 

(a) HgS + Xa«S HgS Xa..S 

(b) SHgS-NajS + 8XaOH*+ 2.\1 

^ 3Hg + (iXaoS + 2Xa.\l()., + 411., () 

C. Spearman, Can. Chom. Met. Kng., 9, 57 (1025) 15 


A1 

NaOH 1-129 

Na2C406H4 

When nu'tallic aluminum is dissolvotl in an alkaline solution of sodium 
tartrate, a complex is formed in solution: 

( 11 ) 2A1 -{- 2Xa()H + 21100 -> 2XaAl(),> + :Ul> 

(b) XaAlOo + 3 Xa..(' 4 ()«Il 4 -f 2I!o()-> Xa;i(Al((V) 6 U 4 ).d + iXaOlI 

Yon Ki Hong, J. chiin. pliys., 33, 350 (1030) (jf) 


NaOH 

Na^SoOs 


1-130 


The reduction of .'^odium thiosulfate by aluminum in sodium hydroxide 
solution does not yield all tin* sulfur as the sulfide. 'I'he reaction is as 
follows: 

Xa2S2().'i “f~ 4 Xa()Il H- .\1 Xa-jf^O.i -f- Xa2J^ Xa2AU)2 d- 2 Il 2 () 

Cjustavo IIcMiiomann and Henry \V. Halm, Iinl. lOng. Chein., Anal. I-Jd., 9, 45S 
(1037) 


Na20s04 


1-131 


Klementary osmium .separates (juantitatively w h<*n an alkalim* solu- 
tion of sodium osmate is ti-eated with aluminum. 

2A1 4 Xa-dWl, Os 4- (2XaAl(),) 

Ivcydie and (^aenne.ssen, Bull. Soe. Cliini. |3|, 29, S05 (1003) 

Uef., Paul and .Ainbergtn-, lier., 40, 137S (BK)7) 
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A1 

NaPOs + SiOz 1-132 

Phosphorus is formed along with a mixture of aluminum oxide and 
sodium silicate when a mixture of aluminum, sand and sodium meta- 
phosphate is heated to redness. 

GNaPOz + lOAl -i- SSiOz SNa^iOa + 5AI2O3 + SPz 

Rossel and Frank, Ber., 27, 52 (1894) . BS 


Na2S40$ 



1-133 


Sodium tetrathionate is reduced by hydrogen, made by the action of 
aluminum on hydrochloric acid. 

6 A 1 -I- 20 HC 1 + Na2S406 2 NaCl + 6AICI3 + 6H2O + 4 ES 

Karl Jellinek, Z. anorg. Chem., 70, 93 (1911) 


A 1 

Na2S203 HCl jj 

Hydrogen sulfide is evolved quantitatively when a solution of sodium 
thiosulfate is treated with aluminum and hydrochloric acid. 


8 A 1 + SNazSzOa + 30 HCI 8AICI3 + 6NaCl + OH.O -f- 6H2S 

P. Dobiner, Z. anal. Chem., 46, 737 (1907) 


NazOz 



1-135 


Metallic sodium is obtained when a mixture of four parts of aluminum 

powder and three parts of sodium peroxide is set off with a drop of 

water. The reaction is violent in the air, but proceeds more slowly in a 
vacuum. 


4 A 1 + SNazOa 2AI2O3 + 6Na 

Frank E. Weston and H. R. Ellis, Chem. Xews, 102, 161 (1910) 



A1 


NazZnO. 

AT 11* 1-136 

Metallic alummum reacts with a solution of sodium zincate to form 

metallic zmc and sodium aluminate. 


SNazZnOz + 2 Al — » 2Na3A103 + 3 Zn 


A. Cossa, Atti. dell. Instituto Veneto (III), 5, 5i 
Ref., A. Lieben, Ber.. 3 . 204 08701 
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KOH 


1-137 


Potassium meta-aluminate is formed wlien aluminum is dissolved in an 
excess of ten percent aqueous potassium hydroxide and the solution 
evaporated in a vacuum over sulfuric acid. 

2KOH + 2A1 -f 2H2O ^ 2KAIO2 + 3H2 

Allen and Rogers, Am. Chem. J., 24, 304 (1900) 

Ref., J. Chem. Soc., (London), 78, 727 (1900) 


A1 

KOH 1.138 

Metallic potassium is formed when a mixture of aluminum and water 
free potassium hydroxide is heated in a nickel crucible at 550° (in an 
atmosphere of nitrogen). 

2A1 + 8KOH ^ ()K + 2KA1()2 + (dH.O) 

Beketow, Ber., 21, 425 (1888); Bcr. 161 (1863) 

Ref., Lc Blanc and Wcyl, Ber., 46, 2305 (1912) 25 


A1 

KOH 1-139 

Hydrogen can be prepared by treating heated pota.ssium hydroxide with 
aluminum. 

(2AI + (>KC)H 2K3A1()3 + 3 H 2 ) 

J. P. Cooke and P. W. Richards, .\m. C’hem. J., 10, 10-1 (1888) /7 


A1 

KOH 1-140 

Ge02 

A small quantity of germanium hj’dride is obtained when germanium 
dioxide in potassium hydroxide is treated with metallic aluminum in 
excess. 

GeO. + 4K<)II + 2A1 ^ Gelb + (K 3 AIO 3 -h KAIO. + O) 

Dennis, Corey and Moore, J. .\in. Cliein. 46, 658 (1924) I 


A1 

KOH 1-141 

KaFe(CN)6 

Caustic potash and aluminum filings added to pota.ssium I’erricyanide 
reduces the latter to potassium hu’io cyanide. 

K3Fe(CN)6 + IKOII + 2 H 2 O + 3A1 

ICFe(f-’A')6 + (3KA1(>.. -f -lib) 

L. !•;. Preiss, Am. Chem. J., 28. 240 (1902) 13 
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A1 

KaSiFe -f Cr 1-142 

A double aluminum silicide is formed when aluminum, potassium fluo- 
silicate and chromium are heated together strongly. 

5A1 + SKsSiFe + 2Cr Cr^AlSig + 3 K 2 F 2 + 4 AIF 3 

Manchot and Kieser, Ann., 337, 354 (1904) 25 


A1 

KTiF3 M43 

NaOH 

Aluminum titanide is prepared by fusing 24 parts of potassium titano- 
fluoride with 45.5 parts of aluminum, and gently heating with dilute 
sodium hydroxide. The product forms white leaflets. 

OAl + 2KTiF3 + 4XaOH -> 2TiAl3 + 4NaF + 2KF -|- ( 2 H 2 O + O 2 ) 

W. Manchot and P. Richter, Ann. 367, 140 (1907) 

Ref., (1. Young, J. Cliem. Soc., (London) (2] 94, 40 (1908) 57 



NdCb 


1-144 


Neodymium trichloride was reduced with aluminum by heating them 
together. The aluminum trichloride was formed and volatilized off 
with heat, lea^•ing neodymium dichloride. 


SNdCb + Al ^ AICI3 + axdcio 


C. Matignon, Ann. Chim. Phys., VIII, 8. 420 (1906) 


WO 




1-146 

Shining, feathcr-like crystals weie obtained when one part of nickel 
and six parts of aluminum were melted together under a layer of 
common salt and then treated with 3% hydrochloric acid. 

3A1 + Xi ^ XiAL 

Rrunck, Ber., 34, 2733 (1901) 


Al 

NiCb 

(NaCl) 


1-146 


Large white crystalline leaves are prepared when aluminum, nickel 
eh!orid(' and .sodimn chloride are melted together. 

2()A1 + SXiCT, -> 3XiAL + (2AICI3) 

II- Michel, Ann., 115, 104 (1S60) 


26 
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A1 

I 

When a well amalgamated piece of aluminum is vigorously rubbed 
with soft leather, it heats up and forms aluminum oxide on the sur- 
face. Unamalgamated aluminum tloes not sliow this reaction. 

4A1 H- 30, -> 2A1,03 

Curl Jehn and II. Hinzo, Ber., 7, U98 (IS74) 


0,+ E 



Anodic oxidation of metallic aluminum forms aluminum oxide. 


4A1 -f 30, 2 AI 2 O 3 

n. Sutton and J. W. Willstrop, J. Inst. Metals, 1927 
Ref., Can. Chem. ct' Met., 11, 313 (1927) 


1-148 





1-149 

Phosphine is formed when crtide aluminum phosphide made by igniting 
a mixture of aluminum and red phosphorus is allowed to react with 
water. 


(a) A1 + P ^ AlP 

(b) AlP -b 311,0 -> PH 3 + (A 1 (()H) 3 ) 

Bodroux, Hull. Soc. Chini., (3), 27, 568 (1902) 

Uef., J. .\ni. CMioin. Soc., 25, 1284 (1903) ] 


A1 


1-160 


Aluminum phosphide is formed when an intimate mixture* of aluminum 
and red phosphorus is ignited. 

.\i -f P -- AlP 

Fonzes-JJiat'oti, Coiiipt. rend., 130, 1314 (1900) 

Uef., J. Clioni. Soc., 78. 405 (19(K)) 


// 


A I 


P -f S 


1-161 


An aluminum t hioliypopliosphale was obtained :is a l)rownish whit(‘ 
erystalline ma.'<s wlien a mixture of aluminum, sulfur and red i)hosi)horus 
was heated in a tube. 

2.V1 1 3S, t 2P > (.\I,P,S,) 

I’riedfl, ('oin|)l. n-tid.. 119, 2110 

Uef., Her., 27. 623 (ISO!) ^5 
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A1 


M62 


An aluminum phosphide is obtained when phosphorus vapors are 
passed over aluminum at a high temperature. 


6A1 + 5 P 2 2 AI 3 P 6 

Rossel and Frank, Ber., 27, 52 (1894) 


PCU 



M63 


Aluminum and phosphorus pentachloride combine vigorously Avhen 
heated together. Phosphorus trichloride and aluminum chloride 
are formed if the latter is allowed to distill. 


3PCI5 + 2A1 ^ 3PCI3 + 2AICI3 

E. Baudrimont, Ann. d. China. Phys. (4), 2, 15 (1864) 



PCU 



1-164 


Phosphoi-us pentachloride acts on aluminum to form aluminum 
chlorophosphate. 


5PCU + 2A1 ^ 2PCU-A1CI3 + 3PCI3 

E. Baudrimont, Compt. rend., 66, 363 (1862) 



P2S6 



1-166 


An aluminum thiohypophosphate is formed when phosphoi-us penta- 
sulfide is heated with aluminum in a combustion tube. 


lOAl + GPzSs-^ (SAUPgSe + P.) 

Friedel, Compt. rend., 119, 260 
Ref., Ber., 27, 623 (1894) 


PbCU 



Metallic aluminum quickly reacts with a solution 
form metallic lead. 


1-166 

of lead chloride to 


2A1 + SPbCU + 6H2O 3Pb + 2A1(0H)3 + 6HC1 

4. Cossa, 

Ref., A. Lieben, Ber., 3, 204 (1870) 


11 
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PbCr04 



M67 


Metallic aluminum reacts with an alkaline solution of lead chromate 
to form metallic lead and chromic acid. 

(a) 2A1 + 3 PbCr 04 3Pb + Al 2 (Cr 04)3 

(b) (Al 2 (Cr 04)3 + 6 H 2 O ^ 2 A 1 ( 0 H )3 + 3 H 2 Cr 04 ) 

A. Cossa, 

Ref., A. Lieben, Ber., 3, 204 (1870) 


A1 

Pb(N03)2 1-168 

Metallic aluminum slowly reacts with a solution of lead nitrate with 
the formation of metallic lead. 

(a) 3 Pb(N 03)2 + 2A1 -> 3Pb + 2 A 1 (X 03)3 

(b) A1(N03)3 + 3 H 2 O A1(()H)3 + 3HN(.)3 
A. Cossa, 

Ref., A. Lichen, Ber., 3, 204 (1870) 11 


A1 

PbS 1-159 

Fill a crucible with pulverized lead sulfide, put powdered aluminum on 
top and melt. Pour in forms and let cool. The bottom layer is lead, 
the medium layer is the excess aluminum and the top lajxu- is aluminum 
sulfide. 

3PbS + 2A1 -> At, 83 + 3Pb 
Cl. Th. J. Vautin, (lenn. Pat. 75825 

Ref., Z. aiigcw. Cliom., 7, 350 (1894) 34 


A I 


1-160 


Aluminum .sulfide is prei)ared l>y fusing aluminum with .sulfur and 
igniting with magnesium ril)bon. 

2A1 “b ^ Al 28)3 

Biltz, Z. Anorg. Cht-ni., 71. 1S2,127 (1011) 

Ref., J. S. Howe, J. Am. (’hem. Soe., 34, 147 (1012) 


/ 
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A1 

S 1-161 

Even at red heat aluminum and sulfur react very slowly. But when a 
fuse of potassium chlorate and sulfur is used the reaction proceeds with 
explosive violence. $ 

2AH- 3S AI 2 S 3 

II. Danneel and K. W. Frohlich, Z. Angew. Chem., 40 , 809 (1927) S4 


M 

S 1-162 

Powdered aluminum reacts witli flowers of sulfur in the presence of 
magnesium oxide. The reaction takes place at high temperatures to 
give a good yield and a moderately active reaction. 

2A1 + 3S ^ AI 2 S 3 

Fonzes and H. Deacon, Bull. Soc. Chim., 1, 36 (1907) 5/ 


A1 

S 1-163 

Aluminum sulfide is formed when a mixture containing equivalent 
proportions of precipitated sulfur and fine aluminum powder is ignited. 

2A1 -t- 3S AI0S3 

Fonzcs-Deacon, Compt. rend., 130, 1314 (1900) 

Ref., J. Chem. Soc., 78, 405 (1900) / 


S 

A 



1-164 


\W fusing together aluminum and sulfur, dialuminum trisulfide is 
obtained. .After heating this compound to 2100° for 20 minutes 
aluminum monosulfide will result. 

(ft) 2A1 + 38 -> AI2S3 

(h) AI..83 ^ 2.V1S + 8 

W. Biltz and F. Ciispari, Z. anorg. Chem., 71, 182 (1911) 




1-165 


.Muminum selenide i.s formed when a mixture containing equivalent 
proportions of selenium and aluminum powder is ignited. 


2.M + 3Se AlsSca 

Fonzes-Deacon. Compt. rend.. 130, 1314 (1900) 

Itef., J. Chem. Soc.. 78, 405 (1900) 
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A1 

Se 1-166 

A mixture of 1 to 4.4 of powdered aluminum and selenium metals 
reacts readily upon heating to form aluminum selenide. 

2A1 + 3Se AloSea 

J. Papish, J. Phys. Chcm., 22, 642 (1918) 85 


A1 

Se^CL 1-167 

Selenium monoehloride does not react with aluminum at room tem- 
perature, but at 80° the reaction is ^•igorous (a). When the mono- 
chloride is in excess a double comi)ound is formed together with free 
selenium (b). 

(a) 3Se2C’l, -f (iAl 2AICI3 + 2AbSe3 

(b) 2 Se 2 Cl 2 + AICI3 ^ AK'b-SeC’h + 3Se 

V. LenluM- and (’. II. Kao, J. Am. (’hem. Soc.. 48. 1.553 (1926) 23 


A1 

SesCb 1-168 

When aluminum and selenium monochloride are heated together for 
12 hours a double compound is formed. 

5Se2(’L + 2A1 — [(AK'bL-SeChl + 9Se 

Weber, PonK- Ann., 104, 427 (1858) 

llof., Lcnlier and Kao, J. Am. Chem. S<je., 48, 155.1 (1926) 


/ 


Al 


Si 

Ca 


1-169 


CVlcium aluminum silici<le is prepared when metallic calcium reacts 
with a mi\tur(' of silicon and aluminum. 

(’a -f 2A1 + 2Si -> (’a(SiAl )2 

Ueynolds, Proe. Koy. Sne., (.\), 88, .17 

Kef., ,]. K. Howe, .1, .\m. Chem. Soe.. 36, 237 (1911) 


Al 

SiCh 1-170 

Aluminum chloride and silicon tlioxide are formed when aluminum 
oxide and silicon tetrachloride are lieated together to 270° 280°C. in 
a melting tube. 

2Aldtt + 3SiC'li — > lAlC’l:i + 3Si< >2 

von (lU.stav H;uiler. Ann , 270, 219 (lS92i 
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A1 


1-171 

A careful analysis of freezing point relations shows that the following 
compounds are not formed in alloy systems of aluminum and tin. 
Solid solutions however, are formed in these systems. This informa- 
tion contradicts and corrects the reports found in the literature. 

A1 -h Sn AlSn 

4AI Sn -(-> AhSn 

E. S. Shepherd, J. Phys. Chem., 8. 233 (1904) 7 


SrO 



Strontium meta-aluminate is formed when strontium oxide 
with aluminum. 


1-172 

reacts 


SrO -h 2A1 -f (3H2O) Sr(A102)2 + (SHs) 

Allen and Rogers, Am. Chem. J., 24, 304 (1900) 

Ref., J. Chem. Soc., (London), 78, 727 (1900) 


A1 

Sr(OH)2 . 

Slightly brown co'stals of strontium aluminate are formed when 
aluminum is boiled with a strong solution of strontium hydroxide 

2A1 + 3Sr(OH)2 + GH2O 3H2 + Sr3(A103)2 • 6H2O 

Allen and Rogers, Am. Chem. J., 24, 304 (1900) 


Te 


A1 

, . 1-174 

A mixture of 1 to 7 of powdered aluminum and tellurium metals reacts 
after heating, to form aluminum telluride. 

2A1 -f 3Te -> AhTea 

J. Papish, J. Phys. Chem., 22, 643 (1918) or 


A1 

t 

lellurium when heated with aluminum combines with explosive 
violence, forming a chocolate colored aluminum telluride. 

2A1 + 3Te AbTes 

Chikashige and Xose, .J. Chem. Soc., 114, 114 (191S) 

Ref., C. Whitehead, J. Am. Chem. Soc., 17, 854 (1895) 
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1-176 

Aluminum telluride is formed when aluminum and tellurium are 
heated together. 


2A1 -i- 3Te ALTea 

Chikashige and Nose, Mom. Coll. Sci. Kyoto, 2, 227 (1917) 

Ref., J. Chcm. Soc. (London), 114, 114 (1918) S6 


A1 

TlCl 1-177 

Metallic aluminum reacts with a solution of thallous chloride at 90°C. 
to form metallic thallium. 

(a) 3T1C1 + A1 3T1 + (AlCL) 

(b) AlCIa + 3IU() 3HC1 + A1(0H)3) 

A. Cossa, 

Ref., A. Lichen, Ber., 3, 204 (1870) 11 


Al 

TIO(OH) 1-178 

A white powdeiy mass of tliallium aluminate precipitates when the 
very last of a solution of aluminum in basic thallium oxide evaporates 
in a vacuum desiccator over potassium hydroxide. 

OT10((JI1) + -4A1 + 7\U) -> ThAbO^THaO + 2T1 + + O) 

L. F. Hawley, J. Am. Cliein. Soc., 20, 302 (1907) 1 


Al 


UO 


1-179 


Aluminum oxide and uranium are obtained by g('ntly igniting a mixture 
containing uranium trioxide and an excess of aluminum. 

2A1 + U()3 AUOa + U 

Stavenliagen, Bor., 32, 3005 (1899) 


\l 


UaOs 

As 


1-180 


Uranium octoxide was i)laced in a crucible, containing powdered alu- 
minum and arseni<-. 'riu* ci'ucil>l(' was heated and aluiniiium oxide and 
uranium ar.s(mi<ic w(‘re formed, (b). Antimony reacts in the sanu' 
manner. 


(a) ( 3 U 30 « + IGAl 8 Ai ..03 + 9U) 

(b) (3U + -lAs -> U 3 AS 4 ) 

A. Colani, Arm. Chiin. Pliys., VIII, 12, 93 (1907J 


100 
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A1 

UaOs M81 

P 

Lianium octoxide was placed in a crucible containing powdered alu- 
minum and red phosphorus. The cmcible was heated and aluminum 
oxide and uranium phosphide were formed. 

(a) SUgOs + IGAl 8AI2O3 + 9U 

(b) (3U + 4P ^ U3P4) 

A. Colani, Ann. Chim. Phys. (VIII], 12. 90 (1907) iqq 


VCI 4 + KsSiFc 



1-182 


\'anadium aluminum silicide is obtained in the form of gray white 
hexagonal ciystals of high luster when vanadium tetrachloride, alu- 
minum and potassium fluosilicate are melted together. 


30 A1 + 8^'Cl4 + ISIvSiFfi 

-> VsAbSiw + (261x01 -f- 2 .\lCl 3 + 26 AIF 3 ) 

Maiiehot and Kicser, Ann., 337, 353 (1904) 




1-183 


When vanadium pentoxide is reduced with metallic aluminum about 
79% vanadium is obtained. 


3 V 2 O 5 + lOAl — » 61’^ -1- 5 AI 2 O 3 


Mardon and llicli, Ind. Kng. Chem., 19, 786 (1927) 



A1 


WO 


1-184 


'I'utigstcii tiioxicie is reduced at full red heat when intimately mixed 
m molecular <iuantitie.s with aluminum powder with the probable 


tormation of tungsten dioxide. 


3 WO 3 4- 2A1 -> (SWO, + \hOz) 

C . H. Llirenfeld, J. .\in. Chem, Soc., 17. 393 (1S95) 


I 



ALUMIXITM 


01 


ZnCl2 



1-186 


Metallic aluminum reduces anhydrous zinc chloride to the metal and 
forms aluminum chloride. 


SZnClo -f- 2A1 ^ 3Zn + 2AICI3 

F. Flavitsky, 

Ref., Felix Wrcclen, Bor., 6. 195 (1873) ;/ 


\1 


ZrBr4 


1-186 


Zirconium tribromide is formed when vapors of zirconium tetrabroinidr 
mixed with hydrogen are passed over an aluminum coil heated to 450'^ 
in an electric furnace. 

3ZrBr4 + A1 ^ aZi Hr, + MHvz 

R. C. Young, J. Am. Chem. Soc., 63, 2148 (1931) 


1 



AIAS3CI3 


M87 


Aluminum triarsenic trichloride decomposes upon heating 
aluminum arsenide. 


forming 


Al.VsaCb ^ Al.As 4 - As - 1 - As(’l., 


RufT and Stall), Zeit. Anorg. C'Ikmu. 


117 , 2 (H) ( 1921 ) 


/ 


AlAsOi 

(NHd6W7024 6H,0 1-188 

Ammonium aluminum ai’senotungslate is precipitated when a solu- 
tion of ammonium parat ungstate is boiled with a stanisolut ion ot 
aluminum arsenate in amnuinia. 

(iAlAsO, + :5((XII,)r,W7()24tilliO) 

— I (X 1 1 ,),( ) U • ( Al.( ),). • (As^t > 6 ), ■ ( \V( >3) „ • 1 4 H.,( ) + 

(t)Xn.( -f \Uh + 3W()3 + 7H,()) 

li. C. Daniels. .1. Am. ('!iem. Soe,. 30, 1S.5I (I90H» / 
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AlBrg 

AgNOs 1-189 

A silver nitrate solution was added to an aqueous solution of aluminum 
bromide. Silver bromide precipitated. 

SAgNOj + AlBrs -» 3AgBr + A1(N03)3 

J. W. Mallette, Trans. Roy. Soc. (London), 171, 1003 (1881) 106 


Br 

CS2 


AlBra 


M90 


4 in carbon disulfide is added to a solution of 

aluminum bromide in carbon disulfide. An oil-like substance of dark 
red color is obtained. By adding more bromine crystals will result. 

(a) 2AlBr3 + 4Br -f- CS2 ^ (AlBrs)^ • Br.CSj 

(b) (AlBrs). • Br4CS2 -|- CS. -f- 2Br2 2 [ AlBia ■ B r. • CS2 ] 

W. Plotnikow, Z. anorg. Chem., 31, 127 (1902) 



AlBrg 


1-191 


Bromotrichloromethane was prepared by treating carbon tetrachloride 

with aluminum bromide and allowing to stand at room temperature 
for three days. 


3CCli + AlBrg -> SCBrCb + (AlCh) 

\esper and Rollefson, J. Am. Chem. Soc., 66, 1456 (1934) 


AlBr^ 

CH3COOH 

(02115)20 


1-192 


To aluminum bro.nide (9.5 g.) 20 ml. of acetic acid (100%) are added. 

.\ftci heating for 3 hoims and after it has cooled off, ether is added. 
Colorless crystals of a complex salt are formed. 

3.A.lBr3 -h 8CH3C()0H -h (C.Hsl.O 

UCH3C00)3.\1). . (CH3COO)o .Amr. SHBr 

_ and J, Schornuiller, Z. anorg. Chem.. 199, 93 ( 1931 ) 


Si 
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03 


(C2H6)20 


AlBr. 


M93 


Aluminum bromide will react with ether yielding colorless ciystals, 
a complex compound. 

AlBra -j- (C2H5)20 AlBr^ • 

W. A. Plotuikow, Z. anorg. Chem., 66, 53 (1908) 28 


AlBr^ 

CH 3 OH I_194 

CzHbOH 

To 20 ml. of methyl alcohol an almost saturated solution of aluminum 
bromide in carbon disulfide is added. By adding 10-15 ml. of ether 
colorless crystals are tormed. The same type reaction occurs with 
ethyl alcohol. 


(a) 3AlBr3 -f- I 7 CH 3 OH 


AlBr 2 (OCH 3 ) (AlBr 3)2 lfiCH 30 H -f HBr 


(b) 3AlBr3 + IGC.HsOH 


AlBr2(OC2H6)(AlBr3)2l5C2H60H + HBr 


H. Funk, J. Schormuller and W. Ilcnsinger, Z. anorg. Chem., 206, 361 (1932) 28 


AlBrj 

COCI 2 1-196 

Carbonyl chloride reacts with molten aluminum bromide at 100°. 

COCI 2 + AlBra-^ AlCbBr + CO + Br. 

von Bartal, Z. .•\norg. Chem., 66, 152 (1907) 25 


AlBr, 

COCI 2 1-196 

Aluminum bromide will react witli carbonyl chloride. When alumi- 
num bromide is in exce.ss aluminum chlorobromide is formed. When 
carbonyl chloride is in excess aluminum chloride and carbonyl chloro- 
bromide are obtained. 


(a) 

AlBra + COCk^ 

AlCblir -f- CO -b Br 

(b) 

.VlHi-a + 3(X)CI> 

~> .VICI3 4- 3COClRr 


A. V. Hartal, Z. anorg. Cliom., 66, 152 (1907) 28 
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AlBra 


CS, 

Br 


1-197 


C^HsBr 

A saturated solution of aluminum bromide in carbon disulfide will react 
with a solution of bromine in ethyl bromide yielding yellow crystals of 
a complex nature, hydrolyzes with water. 

(a) A\Bn + Br, + + CS, ^ AlBr3-Br2 C 2 HsBr-C S 2 

(b) 2[AlBr3-Br2-C2H5Br-CS2] + H 2 O 

(MBr3)2-H20 4- CBr2(SC2H6)2 + CS2Br4 

W. Plotnikow, Z. anorg. Chem., 38, 132 (1904) 


AlBra 

KCl 

NaCl 


1-198 


1 otassium chloride and sodium chloride were mixed in equiniolecular 

proportmns and fused. This was added to fused aluminum bromide. 

Much heat was given off. Equimolecular proportions of the two 
chlorides and aluminum bromide were used. 

NaCl + KCl -h 2AIBr3-> (NaCLKCl ^AlBrj) 

J. \\ . Mallette, Trans. Roy. Soc. (London), 171, 1003-35 (1881) 


SbBr3 

Br2 


Al 151*3 


I-19S 


pentabromide-aluminum 

bromide are obtained when an excess of bromine is added to a solution 
ot aluminum bromide and antimony tribromide. 

2AlBr3 + 5SbBr3 + SBr^ + 24 H 3 O (SbBr5)s (AIBr3)3.24H30 

and I'cigc, Her., 36, 244 (1903) 


AlBr 


■Uuminum can be deposited electrolytieally from solutions of alu- 
minum bromide m ethyl bromide. 

(2AlBr3 ^ 2A1 + SBr,) 

Uef ' lf'F "p If -"ifi 

\Ui.. ir. K. Patten, J. Phys. Chem.. 8 . 548 (1904) 


1-200 


7 



ALUMINUM 


(35 



AlBr3 


1-201 


The band spectium produced by a high frequency discharge, main- 
tained by a 500 watt oscillator working at about 10^ cycles per second, 
in aluminum bromide vapor indicates the presence of the diatomic 
molecule AlBr. The discharge has a deep blue color. 

AlBra AlBr -f- (2Br) 

H. G. Howell, Proc. Roy. Soc. (London) 148A, 696 (1935) iiO 


AbBi’e 

A 1-202 

Partly hydrated aluminum bromide is decomposed when heated, giving 
off hydrogen bromide. A mixture of the fully hydrated salt with some 
anhydrous bromide yields hydrogen bromide and aluminum oxide. 

Al.Bi-fi 121^20 AI2O3 + CHBr + 9H2O 
Gustavson, J. prakt. Chem., 63, 110 (1901) 

Ref., J. Murray, J. Chim. phys., 16, 334 (1917) 69 


A1 Bra • Br4 • CS2 

H2O 1-203 

The aluminum bromide-brominc-carbon disulfide compound of the 
above formula will be decomposed by water yielding aluminum bromide 
and carbotrithiohexabromide crystals. 


(a) AlBr3 Br4-CS2 + II2O -> AlBra-ILO + CSzBrt 

(b) 2C:S2Br4 ^ C:2S3Br6 + lir. + (S) 


W. Plotnikow, Z. anorg. Clioni., 31, 127 (1902) 



AI4C3 

Ca 1-204 

Reaction between aluminuin carbide and calcium occurs at all tem- 
peratures above the im'lting point of calcium. The conversion of 
aluminum carbide into calcium carbide and aluminum is less complete 
as the temperature rises. 

2.Vb(’3 + -iC-’a .SCaCo + 8A1 

J. N. Priiig, J. CMiein. Soc. (Ijoniioii), 87, 1539 (1905) 102 
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Ca 


AI4C; 


1-205 


At the temperature of melting calcium, this element ^^ll reduce alum- 
inum carbide to the extent of 83%. At HOOT, the reduction is only 
about 7 %. 

3Ca + 2 A 14 C 3 ^ 8A1 + SCaCj 

.1. X. Pring, J. Chem. Soc., (London), 87, 1530 (1905) 


13 


CuO 


AI4C; 


1-206 


Aluminum carbide reacts with copper oxide at a temperature above a 
red heat to produce alumina and caibon dioxide. A similar reaction 
takes place with the oxides of lead. 


AbCa -h 12CuO-^ 2 AI 2 O 3 + 3 CO 2 -f- 12Cu 

J. X. Pring, ,1. Chem. Soe. (London). 87, 1533, (1905) 


13, 103, 102 


CuO 


vLc;, 


1-207 


If aluminum carbide and copper oxide are heated above 1400°, an 
aluminum-copper alloy and carbon monoxide arc formed. 

3C’uO -h AbCa -> Ah-3Cii + 3CO 

J. N. Pring, J. Chem. Soc. (London), 87, 1539 (1905) 


102 


FeoO 


AI4C; 


1-208 


At temperatures above 1400°, aluminum carbide and ferric oxide unite 
to form an iron-aluminum alloy and carbon monoxide. 

Fe203 + AljCa FcoHAl -f 3(’() 

■I. N. Pring. .L Chem. Soc. (London), 87, 1.5-10 (1905) 


102 


HCl 


AbC 




Metliaiie is fonnod when alundnutn carbide is decomposed by acids 

AUCj + 12HC1 3CH4 + 4AICI3 

L. Princr and U. Senglet, J. Chim. phys., 13, .351 (1915) 


1-209 


69 



ALUMINUM 


C)7 


HoO 


ALC3 


1-210 


Aluminum carbide is decomposed by the action of water to produce pui’e 
methane and aluminum hydroxide. 


AbCs H- i2IU() ^ 4A1(0H)3 + 3CH4 

Pietro Bartolotti, Gazz. Chim. Ital., 27. 337 (1897) 

H. Kraemer, J. Am. Chem. Soc., 21, 650 (1899) 


H2O 1.211 

Aluminum carbide reacts with water to produce methane and alu- 
minum oxide. 

AI4C3 + (iW) ^ 3('H4 + 2A1..()3 

J. H. Caps, J. Iiid. Eng. Chem., 13, SlO (192!) 23 


AI 4 C 3 

N2 1-212 

Aluminum nitride is formed when aluminum carbide is heated in an 
atmosphere of nitrogen. 

AbC’s + 2 X 2 ^ 4A1X 3C 

Fr. Fiehter Zeit. Anorg. Chem., 54, 322 (1907) 25 


o 


\uc. 


1-213 


Heated in air, aluminum carbide decomposes according to equation 
(a). In vacuum the decomposition is reversible, (b). 

(a) AbC’a + OO - -> 2Ab()3 + 3('(>. 

(b) Al4C3^i^4.Vl -t- 3(' 

K. Ilr'inor and U. R<Miglel, .J. ('him. phys., 13, 351 (1915) 


59 




1-214 


•Amorphous aluminum carl)id(‘ is decompos(*d at temperatures around 
1200 °. 

Al 4 (’ 3 -^ 4.\1 -f 3C 

h. Wdlilor and K. Ilofer, Z. anorg. Chem.. 213, 219 (1933) 


98 
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A1(C2H6)3 

H 2 O 1-216 

Aluminum hydroxide is formed when a solution of triethyl aluminum 
in absolute alcohol is added to water or when a stream of dry nitrogen 
gas mixed with triethyl aluminum is passed through water. 

A1(C2H6)3 H- 3H2O A1(0H)3 + 3C2H5 


P. A. Thiessen and K. L. Thater, Z. anorg. Chem., 181, 417 (1929) 


28 


AICI3 

AgCl 1-216 

Aluminum chloride fused with silver chloride forms the compound alu- 
minum silver chloride. 


AICI3 + AgCl^ AlCIa-AgCl 

M. E. Band, Ann. chira. phys. [VIII], 1, 50 (1904) 


100 


AlCl: 


BaCh 


1-217 


Aluminum chloride reacts with barium chloride to form the compound 
aluminum barium chloride. 

2 AICI 3 + BaCb^ (AlCl3)2-BaCl2 

M. E. Band, Ann. chim. phys. [Vlllj, 1, 55 (1904) 


too 


BaO 


AlCl; 


1-218 


.^Juminum hydroxide is formed when aluminum chloride reacts with 
barium peroxide suspended in water. 

4AICI3 + GBa02 + 6H2O 4A1(0H)3 + GBaCh + 3O2 

Tanatar, Ber., 36, 1893 (1903) 05 


AICI3 

BeCb + Na 2 S 203 1-219 

Aluminum hydroxide precipitates when a solution containing aluminum 
and beryllium chlorides is treated with sodium thiosulfate. 

2AICI3 + BeC'b + Na2S203 + GH2O 

BeSOj + S -f- 2A1(0H )3 + (2NaCl -f 6HC1) 

Havens, Z. anorg. Chem., 16, 15 (1898) 

Ref., Classman, Ber., 39, 3366 (1906) 25 
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AICI3 

1-220 

CcHsCOCl 

When aluminum chloride in pure dry form is treated with aromatic 
hydrocarbons such as benzene, or with benzoyl chloride, unstable 
addition products are obtained. The crystals formed decompose in 
the presence of moisture. 

(a) CeHe -f AICI3 CfiHe-AlCb 

(b) CsHbCOCI + AICI3 CeHsCOCl-AlCb 

J. Boeseken, Rec. trav. chim., 19, 20, 26 (1900) 27 


AICI3 

CcHfi 1.221 

SO2 

H2O 

A mixture of benzene and aluminum chloride absorbs sulfur dioxide. 

By adding water to the resulting compound benzene sulphinic acid is 
formed. 

(a) CsUe 2AICI3 — > Cells ■ AI2CI5 HCl 

(b) CeHs-AbCU + SO2 + II2O Cells SO OH + AbCU-OII 

Friedel and Crafts, Jahrcsberichte iiber die F'ortschritte der Cbemie-G., 739 (1878) 
Ref., C. Colby and McLaughlin-Am. Chem. J., 9, 67 (1887) 17 


AICI3 

CeHe 1-222 

SOCI2 

When benzene reacts with thionyl chloride in the presence of aluminum 
chloride, pure diphenyl sulphoxidc is obtained. 

2 CoIl 6 + SOCI2 -> (CelDsSO + 2 IIC 1 

Chas. E. Colby and C. S. McLaughlin, .-Vm. Chem. J., 9, 69 (1887) 17 
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AICI3 

CeHfiBr 1-223 

The action of aluminum chloride on bromobenzene results in the forma- 
tion of small quantities of benzene, dibromo-benzene and tarry matter, 
the greater part of the starting material remaining unchanged. The 
mechanism of the reaction is shown in equations (a), (b) and (c). 

(a) CeHsBr + AbCU ^ CsH5-Al2Cl5 + BrCl 


(b) 

(c) 


CeHsBr + BrCl CsH^Br. + HCl 
CeHs'AbClg -}- HCl CeHfi AbCls 


Dumreicher, Ber., 16, 1867 (1882) 

Ref., Maurice Copisarow, J. Chem. Soc., 119, 442 (1921) 


4S 


AlCI 


CeH.CH 


1-224 


When a mixture of toluene and finely powdered aluminum chloride is 
heated on the steam bath under reHux, the resulting mixture darkens 
with the fomiation of a deep red double compound of aluminum chloride 
with the hydrocarbons present, (a). Upon treatment with hydrochloric 
acid and distillation, xylene (b) and benzene (c) are isolated. 

(a) CeHs-CITj + AU'l6-> Cells- AU(’U + CH 3 CI 

(b) Cyis-CHg + CII 3 CI ^ C6ll4(CM3)2 + HCl 

(c) (^Hs-AbCU + HCl C'eHc + AI 3 CU 

Maurice Copisarow, J. Chem. Soc., 119;2, 1807, 1808 (1921) 


4S 


AK'b 

CH 3 • CO CHo CO • CH 3 1.226 

Anhydrous aluminum chloride leaets with acetylacetone in chloroform 
solution, giving a quantitative yield of aluminum acetylacetone. 

(AICI3 + SCHa C'O-CHrCO-C’Hs-^ A1 (CsH;03)3 + 3HC1) 

Gilbert T. Morgan and Harry D. K. Drew, .1, Chem. Soc., 119, 1060 (1921) 48 

AICI3 

CeHeCOCeH^OCHa 1.226 

When aluminum chloride is added to a solution of methoxy benzo- 

phenone in pure, dry carbon bisulfide, an addition product is formed 

which crystallizes after the .solvent has been removed by evaporation 
under vacuum. 

CsHsCOCeHiOC'Hs + AICI3 ^ CeHsCOCsHjOCHs AICI3 

J. Hoeseken, Hec. trav. chim., 19, 23 (1900) e; 
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CH.COOH 


AlCl 


1-227 


To a dispersion of aUiminuni chloride (8g) in 30 ml of ether a mixture 
of 9 ml of acetic acid (100%) and 10 ml of ether is added. White 
colored crystals ot a complex aluminum chloride-ahiminum acetate 
are obtained. 

3AlC’b + OCIUC’OOH ^ AIUl3-2(UH3C()0)3Al + (ilK'l 

H. Funk and J. Schormiiller, Z. anorg. Chein., 199, 93 (1931) 


28 


AlCL 

CH3OH 

C-HsOH 

C3H7OH 

CsHcO 


1-228 


Dissolve aluminum chloride in methyl alcoliol. Hy adding etlier, color- 
less crystals are formed. The same type reaction occiirs with (*thyl ai* 
cohol, n-pro])yI alcohol and acetoiK'. 


(a) 3AlCd3 + ITC’HnOIi 


.vic’1..(()C’H3)(ak:i3)*i()C’H 3()II + iicn 



3AK33 + IK^ILOH 


.VlClr (OC’dU) • (Al(L)r lOC’dLOH 


+ IIC'l 


(c) 3 AICI 3 + (>C '3117011 

(d) 2AR'l3 + 3C:3ll60 


.VlCl,(()('3ll7)(.;^Cl3LoC3H7()lI + HC’l 

Al(’l,(C’ 3 ll 50 )AK'l 3 - 203 H 6 () + IK’l 


H. Funk, .J. Sclionniillcr, an<l W. Ib'nsingor. Z. anorg. CMioin., 205, 301 (I932l 


28 


AlC'la 

CcH^SO.Cl 1-229 

U'hen aluminum chloride is added to a solution of l)enzene sulfonic 
chloride in pure, dry carlxm bisulfide, an addition i)roduct is fonmd 
which crystallizes in tin* absence* of moisture. The crystals aic so 
sensitive to moisture that they cannot lx* pr(*.served in a desiccator 
over conc(*nt i-at<“<l sulfuric acid. 


('oIUSOR’I f- C'dLStU'l-AK'b 

J. Booscki'n. Kcc. tiav. rhini., 19, 23 (HMK); 


>7 
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AICI3 

COCI 2 1-230 

CaCU 

A carbonyl chloride solution of aluminum chloride reacts vigorously 
vnth calcium chloride producing a soluble double salt. 

2AICI3 + 2COCI2 + CaCb-^ CaCl2-(AlCl3)2 -200012 

Germann and Gagos, J. Phys. Chem., 28, 965 (1924) 26 


AlCb 

Ca 1-231 

Aluminum chloride or oxide and metallic calcium react very readily, in 
fact violently, upon ignition with a fuse. With excess aluminum a 
readily fusing slag AbOs-SCaO forms. 


(a) 

2AICI3 + 3Ca 

3CaCl2 “b 2A1 -{- A 

(b) 

AI2O3 “1“ 3Ca 

3CaO -b 2A1 

(c) 

2AI2O3 + 3Ca ^ 

(Ca0)3Al203 “b 2A1 


F. W. Perkin and L. Pratt, Trans. Far. Soc., 3, 181, 184 (1907 ) 86 


AICI3 

HCOOCH 3 1-232 

AVhen freshly prepared aluminum chloride crystals are dissolved in 
water containing methyl foimate, the product of hydrolysis of the 
aluminum chloride hydrolyzes the ester. The hydrolysis of the 
salt proceeds chiefly to the first step only, little if any being hydrolyzed 
to the second step. 

(a) AICI3 + H2O AICI2OH + HCl 

(b) HCOOCH3 + HCl HCOOH + CH3CI 

J. K. Wood, J. Chem. Soc., (London), 93, 417 (1908) 67 


AlCh 

HCIO 4 1.233 

Hexahydrated aluminum perchlorate is made when hexahydrated 
aluminum chloride is dissolved in 20% perchloric acid and the solu- 
tion heated on the water bath until all of the hydrogen chloride has 
been evolved. 

AlCb-OH.O + 3HCIO4 ^ A1(C104)3*6H20 + 3HC1 

Weinland and Ensgraber, Z. anorg. Chem., 84, 370 (1914) 25 
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AICI3 


1-234 


Aluminum chloride hydrolyzes when treated with water giving alu- 
minum hydroxide and hydrochloric acid. 

♦ 

AICI 3 + 3 H 2 O A 1 ( 0 H )3 + 3HC1 

C. Kullgrew, Sv. Kem. Tidsk., 13. 112 (1901) W 


AICI3 

1-236 

Aluminum can be separated from iron, titanium, the rare earths, 
gallium, and beryllium, by passing gaseous HCl into a concentrated 
solution of the salts in a mixture of HCl and ether. The solubility of 
AICI3 in the HCl-ether mixture is 5:125,000. 

AICI3 4- 6 H 2 O ^ MCIr 6 H 2 O 

Gooch and Havens. Ain. J. Sci. (4), 2. 416, (1896) 

Ref., Hillebrand and Lundell, Applied Inorganic Analysis, p. 392 9S 


AICI3 

H 2 O 1-236 

Aluminum chloride is a quaternary strong electrolyte, exerting a four- 
fold osmotic pressure in dilute solutions, corresponding to the four ions 
which are formed. Hydrolysis of the cations does not exceed 3.8% 
even in very dilute solutions. 

(a) 3 AICI 3 A\C\t + AlCI-^ + AH++ + GCl" 

(b) AICI3 -h 3H2O A1 (011)3 + 3HC1 

(c) AlCb^ + Oil- MCbCOH) 

(d) AlCl-^ + 2011- ^ A1C1(0H)2 

Jaroslav llcyrovsky, J. Chem. Soc., 117:1, 11 & 20 (1920) 4S 


AICI3 

H 2 O 1-237 

Aluminum chloride is hydrolyzed to the extent of from 2.80 to 7.93% 
at 25° in solutions of molar volume 10 to 128. E.m.f. measurements 
and equilibrium constant calculations show that the following repre- 
sents the reaction: 

AlCl^ + H.O ^ AlCbOII -f- IH 

H. G. Denham, J. Chcin. Soc., (London), 93, 56 (1908) 67 
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A\C\z 

H 3 PO, 1-238 

Aluminum phosphate is ol)tained as a crystalline powder when alu- 
minum chloride and phosphoric acid are heated together to 200°C. 

AICI 3 + H 3 PO 4 AIPO 4 + (3HC1) 

A. Schulten, Compt. rend., 98, 1583 

Ref. Ber., 17, -408 (1884) 26 


AiCla 

HoPtCL 1-239 

Solutions of chloroplatinous acid and aluminum chloride, when mixed 
and evaporated, yield large, red, deliquescent, oblique, four-sided 
prisms of hydrated aluminum chloroplatinite. Similar method 
gives the corresponding salts of the trivalent metals Cr,Y,Er,La,Nd, 
and Cc, all of them hydrated and most of them red. 

2AICI3 H- 2ILPtCl4 + 2IH2O -> (AlCl3)2-(PtCl2)3 -(211120) + (4HC1) 

b. F. Nilson, K. Sv. Vet. Akad. Haiidl, Ofvers, 33, 7, lG-17 (187G) 10 


AlCl 


H2SO4 


1-240 


.Aluminum can Ije quantitatively precipitated from the chloride solu- 
tion at a pH of G.5 to 7.5 by adding urea, ammonium chloride, am- 
monium sulfate and water in the ratios 4:20:1:500 respectively. 

The solution is heated till precipitation is complett'. The precipitate is 
washed with NILCl, ignited at 120()°C yielding .VI 2 O 3 . 

(AK'U + HoSO., 4- H-.0-^ .\1(()H)S()., + 3I1C1) 

H. H. Willard and X. K. Tank, Ind. and Kns. C’hem., Anal. Kd., 9, .357 (1!)37) II 4 


AlCl 


13 


HoSeOa 

H.S 

When aqueous solution of alvunimun chloride is saturated with hydro- 
gen sulfide, the sulfide will react with selenious acid solution yielding 
a yellow precipitate of .selenium sulfide. 

U) 2.\1CL + 31 LS AI 2 S 3 + (OIICl) 

(1j) (AI 2 S 3 + ^ SoS.. + II, s + Al/y 

B. W. Nordlander, Ind. Eng. Chem., 19, 518 (1927) 


1-241 


24 
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AlCl: 


I<242 

Metallic potassium reduces aluminum chloride to aluminum when the 
two are heated together. 


AICI3 + 3K -> A1 + 3KC1 

Ij. Wohler, Pogg. Ami., 11, 146 
Pcf., Ann., 92, 252 (1854) 


AICI3 

K2AI2O4 1.243 

To form a floe for water purification, aluminum chloride is treated with 
some aluminate yielding anhydrous alumina. 

2AICI3 + 3K2Al204-3H2() -1- m.O 8A1(()H)3 + (>KC1 


Mohert and Partridge, Ind. Eng. Cliein., 22, 16:i (1930) 


■24 


AICI3 

K 2 CO 3 1-244 

A solution of potiussium carbonate was added to a solution of aluminum 
chloride and it precipitated aluminum hydroxide. 

(a) 2AICI3 + 3K2CX)3-^ Al2(C03)3 + (OKCl) 

(b) Al2(C()3)3 + 31120 ^ 2 A1(0H) 3 4- (3CX)2) 

Charles Hatchett, Trans. Roy. Soc. (London), 88, 117 ‘(1898) i05 


WCh 

1-246 

A solution of aluminum cliloride is neutralized by potassium oxalate. 

AICI 3 + SKoCVb -> K 3 A 1 ( 0204)3 4- 3KC’l 


Feigl and Krau.ss, Ber., 68B, 398 (1925) 

Ref., Thonia.s and Tiii, .1. .\in. (’hem. Soc., 54, 852 (1932) 


/ 


VlCi, 


KCl 


1-246 


Aluminum chlorid(‘ in solution witli potassium chloride forms the com- 
pound aluminum pota.ssiuin chloride. 

AIOI 3 4- KOI AlOb-KOI 

M. 10. Bund, Ann. Chini. phys. (8), 1, 46 (1904) 


KXJ 
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AlCla 

KCl 1-247 

Aluminum potassium chloride is formed by boiling a solution of alu- 
minum chloride in fuming hydrochloric acid with potassium chloride 
in a stream of hydrogen chloride. 

2AICI3 + 4 KC 1 + 2H2O ^ (KC1)4-(A1C13)2-2H20 

G. Neumann, Ann., 244, 329 (1888) 

AICI 3 

K2Cr04 1-248 

A solution of aluminum chloride (48.3 g. per liter) reacts with a solu- 
tion of potassium chromate. 

llK2Cr04 + 4AlCl3^ 12KC1 + 5K2Cr207 + 2Al203-Cr03 

Groger, Ber., 36. 3420 (1902) 1 


AICI 3 

KiCrOi 1-249 

When two moles of aluminum chloride are added to six moles of potas- 
sium chromate, complete precipitation of aluminum is obtained, but if 
less than six moles are added the precipitation is incomplete. 

4AICI3 + llK2Cr04 ^ (Al203)2-Cr0 3 + 12 KC 1 + SKzCi'zO? 

Max Groger, Ber., 36, 3422 (1902) £6 


AICI 3 

LiOH 1.260 

Lithium hydrogen aluminate is formed when lithium hydroxide solution 
is added to solutions of aluminum salts. 

LiOH + 2AICI3 + 8H2O ^ LiH(A102)2-5H20 + 6HC1 

Dobbins and Sanders, J. Am. Chem. Soc., 64, 178 (1932) 

Ref., J. Hegrousky, J. Chem. Soc., 118, 1013 (1920) 1 

AICI 3 

Mg 1.261 

Aluminum hydroxide precipitates when a neutral water solution of 
aluminum chloride is digested for several hours on the water bath 
with metallic magnesium. 

2AICI3 + 3Mg + 6H2O 2A1(0H)3 + 3MgCl2 + 3H, 

Seubert and Schmidt, Ann., 267, 232 (1892) / 
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uniz 


AlCU 


1-262 


Aluminum chloride hexammoniate is formed when anhydrous aluminum 
chloride is treated with an excess of dry ammonia at ordinary tempera- 
ture. 


AICI3 + 6NH3 AlCU-GNHa 

Baud, Compt. rend., 132, 134 (1901) 

Ref., J. Chem. Soc., (London), 80, 161 (1901) 


AICI 3 

NH3 1.263 

Resublimed aluminum chloride was subjected to the action of ammonia 
gas, dried with potassium for a period of 12 hours, yielding aluminum 
chloride hexammoniate. 

AICI 3 + GNH 3 ^ MCb-ONIIa 

M. E. Band, Ann. Chim. phys. [8), 1, 11 (1904) lOO 


AICI 3 

NH 3 1-264 

Aluminum chloride treated with liquid ammonia forms aluminum 
chloride nonammoniate. The excess liciuid ammonia is removed ])y 
passing a current of dry air over the remaining liquid. 

AICI 3 +. 9 NII 3 AlCla-ONIL 

% 

M. E. Band, Ann. Chim. phys. (81, 1, 14 (1904) 100 


AICI 3 

N 2 H 4 H 2 CO 3 1-266 

Solutions of aluminum salt.s are ciuantitatively precipitated by mean.s 
of hydrazine carbonate in the form of a basic aluminum carbonate, (a), 
which upon ignition yields aluminum oxide, (b). 

(a)(2AlCl3 + SNML ILCOa ^ Al 20 (C 03)2 + SN.IL ^HCn + (X).) 



(AM)(C 03)2 -> AM)3 + 2 CO 2 ) 


A. Jilek and J. Lukas, Chem. List., 24, 3Go (1930) 
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AICI3 

(NH4)2HP04 1-266 

A double phosphate of aluminum and ammonium forms when a hot 
solution of diammonium phosphate is added to an acid solution of 
aluminum chloride. 

AICI3 + 2(NH4),HPQ4 -> NH4H2P04-A1P04 + (3NH4CI) 

L. J. Cohen, J. Am. Chem. Soc., 29 , 720 (1907) / 


AICI3 

NH4OH 1-267 

Ammonia precipitates aluminum hydroxide from a solution of aluminum 
chloride. 

AICI3 + 3NH4QH-^ A1(QH)3 + (3NH4CI) 

Charles Hatchett, Trans. Roy. Soc. (London), 88 , 575 (1898) 105 


AICI3 

NH4OH 1-268 

Aluminum oxide is prepared by heating the hydroxide which precip- 
itates when aluminum chloride is treated with ammonium hydroxide. 

(a) AICI3 + 3XH4OH A1(0H)3 + (3NH4CI) 

(b) 2A1(0H)3 AbOa + (3H2O) 

Poggendorff and Liebig Ann., 17 , 50 (1836 ) 25 


AICI3 

NH4OH , 1-269 

Ammonium hydroxide was added to a solution of aluminum chloride, 
thus precipitating aluminum hydroxide. 

AICI3 + 3NH4OH ^ A1(0H)3 -f (3NH4CI) 

Richard Chenevix, Trans. Roy. Soc. (London), 92, 331 (1902) 105 


AICI3 

NO 1.260 

A pale yellow tlouble compouiul is obtained when aluminum chloride 
reacts with nitric oxide when heated (in an atmosphere of an inert gas). 

2AICI3 + NO^ (AlCy .-NO 


Tlumias, Compt. rend.. 121, 12S 
Ref., Her., 28, 728 (1895) 
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AlCL 

P-NO 2 C 6 H 4 COCI 1-261 

m-NO.CeH^COCl 

\\ hen aluminum chloride is added to a solution of para-nitrobenzoyl 
chloride in pure drj’ carbon bisulfide an addition product is formed which 
crystallizes in the absence of moisture. The crystals are so sensitive to 
moisture that they cannot be preser\ed in a desiccator over concen- 
trated sulfuric acid. The same reaction takes place with the meta-nitro- 
benzoyl chloride. 

(a) p-XOoC'en^COC’l + AlCh^ p-XO.C'eH.C’OCl AlCl, 

(1)) m-XOoCsIhCOCl + AlCh^ m-X(),('cH/'(K'l ■ AICI 3 

J. Hooseken. Hec. tnw. cliiin., 19, (19(X)) ^7 


AlCl 




1-262 


-\luminum hydroxide pr(‘cij)itates wlien aluminum chloride is boiUal 
with a solution of l)oiax in pre.senc(* of a solution of sodium caiTonate. 

3n,>() + SNadbO; + 2AK'l, -> 2AI(()1I);, -f fiXaUI -f- blU-Oa 

(i. W. .J. .\in. Clicm. Soc.. 21 , SSi ( 18 ( 11)1 


NaCl 


.\IUI3 


1-263 


A solution of aluminum chloride* inixeel with a solution of sodium chlo- 
ride forms aluminum sodium chloride. 


Al('l 3 + NaCl — AlCl.rNa('l 

M. K. HatMl, Anil. (’him. i)hy.s, [ 8 | , 1 , 40 , (l(H)t) 


/a> 


Na.Fo 


AK'l:. 


1-264 


(’ryolite is pi-ccipitat(*d wlicn a .«<olutioii of sodium fluoride is treat(*d 
witli a solution of aluminum chloride. 


.\l(‘l 3 + 3\ad*. -- Na.AlKfi T 3Na('l 


C. Pieper. D.H.P. 85212 
Kef., Her., 19 . 825 ( 188 (o 




80 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


Na 2 Ge 03 


AlCL 


I-2B& 


A solution of aluminum chloride will react with a solution of sodium 
gennanate jdelding hydrated aluminum germanate. When heated at a 
temperature of 100° trihydrated aluminum germanate is, formed. , 

(a) 2AICI3 + SNa^GeOs + nHaO 

Al203-(Ge02)2-nH20 + 6NaCl + (GeOz)' 

(b) AI2O3 • (Ge02)2 • nH20 -> Al203-(Ge02)2-3H20 + nHzO 



R. Schwarz and G. Trageser, Z. Anorg. Chem., 208, 65 (1932) * 28 


AICI3 

NaOH 1-266 

Amorphous alumina gel (AI2O3) can be prepared by precipitating a so- 
lution of aluminum chloride with sodium hydroxide in the presence of 
phenol red as an indicator. 

(a) AICI3 + 3NaOH ^ Al(OH)3 + (3NaCl) 

(b) 2A1(0H)3 ^ AI2O3 + 3H2O 

Insley and Ewell, B. S. J. Res., 14, 621 (1935) BS 


AICI3 

NaOH 1.267 

The addition of increasing quantities of sodium hydroxide to dilute so- 
lutions of aluminum chloride, sulfate or of potassium alum gives, in 
succession, the hydrate, a basic aluminate and an aluminate. 

• (a) AICI3 4 - 3NaOH ^ Al(OH)3 + 3NaCl 

(b) 4A1(0H)3 + 6NaOH 2Na3A103- Al(OH)3 + 6H2O 

(c) Na3.\103 Al(0H)3 + 3NaOH ^ 2Na3A103 -f 3H2O 

E. Grobet, J. Chim. phys., 19, 331 (1921) go 


AICI3 

Na3P04 I_268 

Aluminum phosphate is formed when aluminum chloride solution is 
treated with sodium phosphate. 

AICI3 + Na3P04 AIPO4 + 3NaCl 

H. Bhattacharyya, Chem. News, 109, 38 (1914) gS 
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AlCU 

Nk3p04 + NazSaOs + HCl I 

A solution containing aluminum chloride, hydrochloric acid and sodium 

phosphate yields aluminum phosphate when boiled with an excess of 
sodium thiosulfate. 

2A1C18 + 2Na3P04 + NaaSzOj + 2HC1 

2 AIPQ 4 + 8 NaCl + S + SO 2 + H 2 O 

H. Bhattacharyya, Chem. News, 109, 38 (1914) 


AICI3 

NaaSOa 1-270 

A white precipitate of basic aluminum sulfite is formed when a diluted 
solution of aluminum chloride reacts with a diluted solution of sodium 
sulfite. 

8AICI3 + SNaaSOg + 271120 -> Al2(S03)3-3Al2^)I^-9^ 

+ GNaCl + 18HC1 

K. Sexibert and M. Klten, Z. anorg. Chem., 4, 44 (1893) 28 

_ _ % 


AICI3 

NasSjOs 1-271 

A neutral solution of aluminum chloride decomposes a solution of so- 
dium thiosulfate with the precipitation of a mixture of aluminum 
hydroxide and sulfur. 

2AICI3 + SNasSaOs + 3II2O 2 A1(QH)3 + GNaCl + ^ + 3SO2 

G. Vortinann, Her., 22, 2307 (1889) 26 


AICI3 

NaiSiOa 1-272 

Aluminum oxide and silicon dioxide are formed when solutions contain- 
ing molar (luantities of sodium silicate and aluminum chloride react at 
20 °: 


2AICI3 + 3Na2Si()3 -> AWs + 3Si02 -f- GNaCl 


Schwarz and lironnor, Her., 66, 1433 (1023) 


es 
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AICI 3 

NazSiO^ + HCl 1-273 

Aluminum oxide and silicon dioxide arc formed when the calculated 
amount of hydrochloric acid is allowed to react with solutions of alumi- 
num chloride and sodium silicate simultaneouslj’. 

2 AICI 3 + GNaoSiOs + GHCl + GSiO^ + 12Na(n + SH^O 

Schwarz and Walcker, Z. Anorg. Chem., 145, 306 (1925) / 


AICI 3 

Na^SiOa + NaOH 1-274 

Aluminum oxide and silicon dioxide are fonned when a corresponding 
amount of sodium hydroxide solution is allowed to react with aluminum 
chloride and sodium silicate in solution. 

2 AlC’l 3 + 2 Na 2 Si ()3 + 2Na()H -> ALO 3 + 2^10. + GNaCl + II.O 

Scljwarz and Urcnner, Ber., 66, 1-133 (1923) S6 


MCh 

NaaVO^ 1-276 

Sodium orthovanadate, when added to any soluhle aluminum salt, pre- 
cipitates yellow gelatinous aluminum vanadate soluhle in excess of 
either reagent. 

Na3V()4 + AK'U ^ AIVO 4 + 3\aCl 

H. K. Hoscoo, Trans. Roy. Soc. (Lomion). 160, 324 (1870) 106 


AICI 3 

PCI 5 1-276 

Phosphorus pentacldoride unites with aluminum chloride to form 
aluminum chlorophosphatc. 

PCU -h AlCL^ PCI 5 AICL 

K. Bandriinont , Compt. Rend., 65, 363 (1862) 29 


MCI 

PH 3 1-277 

By lu'uting aluminum chloride with phosphine at a temperature of 50- 
70° whit(' colored crystals of monopiio.sphine-aluminum chloride arc 
foi-med. Tlie .sune type reaction occurs with aluminum I)romide. 

(a) AU’L -h Pn3- AI(’1,.PIL 

(h) AlBr3 -h PIL-* AlBr, PH3 


U. lloltje and F. .Meyer, Z. anorg. Chem., 197 . 93 (1931) 


28 
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AICI 3 


PdCl2 


1-278 


Palladous chloride, when added to a hydrochloric acid solution of alumi- 
nium chloride, on evaporation over sulfuric acid yields a double salt. 


AICI 3 + PdCb + 10H2()-> AlCU PdClo lOHoO 


A. Wclkow, Her.. 7. S02 (1874) 


AICI 3 

PtCU I_279 

A concentrated solution of aluminum and platinic chlorides yields lari^c 
orange crystals of a double salt. 

AlC’b + PtC’U + ISIIoO -> AK’b PtC’l. loII.O 

A. Wolkow, licr., 7, 304 (1874) u 


•VlCb 


S 2 CI 2 

s 


1-280 


A mixture of aluminum chloride, sulfur monochloiid(* and sulfur is 
heated to boiling in a .sealed tube. The licpiid obtained is compose'd of 
two layers. In the lower layer three <*omi)le\ aluminum com])()unds 
are formed. 


(a) 

(b) 

(c) 


AKT -1- 2S,.C’1.> AK'l3-2S,,C'l2 


AiC’b + 2S,C'b T 2S .\IC'13-2S3(T> 
AlC’b + 2S2('1., + 4S -> AK’l3-2S4(T 

(). Haft' and H. (lolln, Z. aiiorn- ( licm., 138, 17 (15)21) 


2H 


AlC’I:, 

SO 2 1-281 

Aluminum cliloride treated with liipiid sulfur dioxide forms a compound 
of aluminum cldoridc^ with sulfur dio\id(‘. 


Aid., -t- SO., > AK'LrSO, 
M. 10. Ilaiitl, Ann. cliim. i)liys. (sf , 1, 33 (15)01) 


100 
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AICI3 

SO 2 CI 2 1-282 

Add recently sublimed and finely ground aluminum chloride (15 gr.) to 
sulfuryl chloride (30 cc.) and agitate the mixture until solution is com- 
plete, at the same time raising the temperature from 0 to 30°. After fil- 
tering, a solution of aluminum sulfurylchloride is obtained. 

This solution fumes strongly in the air and is decomposed by water. 

(AICI3 + SOiCh-^ AlCL-SOzCl + CI2) 

Oswald Silberrad, J. Chem. Soc., 121, 1017 (1922) 48 


AICI3 

SbCU 1-283 

Yellowish green, hygroscopic crystalline needles of aluminum meta- 
chloroantimonate are formed from a solution containing molecular 
quantities of aluminum chloride and antimony pentachloride. 

AICI3 + 3 SbCl 6 + ISHaO-^ ARSbCDa-lSHaO 

Weinland and Feige, Ber., 36 , 244 (1903) 


AICI3 

Ta206 1.284 

* 

Tantalum pentachloride is obtained by heating tantalum pentoxide 
with aluminum chloride. 

IOAICI3 + 3 Ta 205 GTaCls + 5AI2O3 

Ruff and Thomas, Ber., 66, 1466 (1922) «5 


AICI3 


ZnCb 


1-286 


Aluminum chloride foi-rns a double salt with zinc chloride which is alu- 
minum zinc chloride. 


4A1CU + SZnClo-^ (AlCD^-SZnCL 

M. E. Band, Ann. chim. phys. [VIIIl, 1, 56 (1904) 
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€ 


AICI3 

Aluminum is formed when molten aluminum chloride is electrolyzed. 

2AICI3 2A1 + 3CI2 

R. Bunsen, Ann., 82, 137 (1852) 

Ref., Ann., 92, 252 (1854) 


1-286 



6 



AlCU 


1-287 


The band spectrum of aluminum chloride shows the presence of the 
diatomic molecules AlCP^ and AlCF. The discharge has a pale blue 
color. The discharge tube is operated from a Feranti transformer with 
the primary at 80 volts and 3 amperes. 

AICI3 ^ AlCl + (2C1) 

B. N. Bhaduri, Proc. Roy. Soc. (London), 146A, 321 (1934) JW 


AlCh-GHoO 

HCIO4 1-288 

A solution of aluminum chloride hexahydrate in 20% perchloric acid is 
heated on the water bath. Colorless ciystals of complex aluminum 
compound are obtained by keeping the .solution in vacuo over concen- 
trated sulfuric acid. 

AlCL-Gl-LO + 3HC104~^ A1 (0104)3 GILO + 3HC1 

U. F. Wcinland and Fr. Ensgraber, Z. anorg. Chem., 84, 368 (1914) 28 


AlCh-GHzO 

Hg(CN)2 1-289 

About 25 grains of hydrated aluminum chloride are dissolved in 100 cc. 
of water, and a cold solution of 10 grams of mercuric cyanide in 100 cc. 
of water is added. If the mixture be evaporated to 50 cc. and kept over 
sulfuric acid in vacuo for several days, a crystalline crust of the double 
salt of aluminum chloride and mercuric chloride is formed. Strong 
odor of hydroc3’anic acid is given off. 

(4Aici3-Gn20 + ng(cx )2 + ( 211 CI) + diuo 

[AlCl3-IIgCy4-28Il20 + 2II(:N) 

Lilananda Uupta, J. ('hoin. Soc. (London), 117 72 (1920) 48 
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AICI3SO2 

S 1-290 

Aluminum sulfur chlonde separates when a solution of aluminum chlor- 
sulfoxide is treated with finely powdered sulfur. 

4A1C13*S02 ~h 9S — > AI2S2CI8 “h (2S2CI2 AI2S3) -|- 4SO2 

Oswald Silberrad, J. Chcm. Soc. (London), 121, 1017 (1922) 26 


AICI3SO2 

S2CI2 1-291 

Aluminum sulfur chloride is formed when sulfur monochloride is added 
to a solution of aluminum chlorsulfoxido. 

2A1C13-S02 + S2CI2 AhS-jCU + (2SO2) 

Oswald Sill)orrad, J. Chcm. Soc. (London), 121, 1017 (1922) 26 


AlCh *284012 

(CS 2 ) 1.292 

Hy extracting with carbon disulfide the complex aluminum compound 
obtained in course of the reaction of aluminum chloride with sulfur mon- 
ochloride and sulfur, two complex aluminum compounds are obtained. 

(a) .\ICI3 • 2S4C’l2 AK\ • 282 + 28..C1.. 


(b) 


AlCl3-2S2^ A1C13-82 -f- 82 


0. Ruff and II. Golla, Z. auorg. Chcm., 138, 17 (1924) 


28 


Cl 

s 


\lcl3 -282012 


1-293 


The complex aluminum compound ol)tained by the reaction of alumi- 
num chloride with sulfur monochloride will react with chlorine yielding 
a complex compound in form of yellow crystals. When this compound 
reacts with sulfur a new, until m.w unknown, alumimun compound with 
sulfur dichloride is obtained. 

(a) .\1CI3-2S2C'12 -f 2Cl2-^ AlCl3-8Cb + SC'b + 82CI2 

(b) A1C13-8C14 + 38 + 8CI2 — > .\ICl3*8Cl2 + 2S2CI2 

KulT .'Old ('i<»Ua. Z. auorg. Clicm., 138, 17 (1924) 


28 
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AlCl.-SOoCI 

* 1-294 

When sulfur moiiochloride (or finely j^round sulfur) is added to a solution 
of aluminum sulfuryl chloride, a solid mass of alumium sulfur chloride 
precipitates. Ihe compound can be obtained in ciystalline form if the 
reagents are dissolved in thionyl chloride and sulfuryl chloride re- 
spectively. 

(2A1C12-S02C1 -b vS^Cb Aia2-(SCl 2)2-AlCl2 + 2S(b) 

Oswald Silbcrrad, J. t’hem. Sot-., 121, 1017 (1922) as 


AlCl3-2(Cll3C()())3Al 


CH.COOH 


1-296 


The complex aluminum chloride-aluminum acetate obtained by the 
reaction of aluminum chloride with acetic acid, is heated with acetic 
acid (100%). The crystals will di.'^solve. After cooling, crystals of a 
complex basic aluminum acetate are formed. 

AKn3-2((:ir3(’()())3Ai + 2CH3 ('()()ii 

^ (CH3 C0())3A1-2(CH3C’()())A10 +3CH3C'()('1 -f- 114) 

H. Funk and J. yclionuiiller, Z. anorg. Cheni., 199, 93 (1931) 




\lo(C()3)3 


H.O 


1-296 


Freshly j^recipitateil aluminum carbonate hydrolyzes in water giving 
carbonic acid and precipitated aluminum hydroxide. 

Ab(C()3)3 + 2.Vl(()n)3 -f 3U2C'()3 

C. Ivullgron, Sv. Kein . I'idskr. . 13, 110 ( 1901 ) 


/O 


A) >(C '•>(.)4)3 

BaCb 1-297 

.\ solution of aluminum oxalate* will react with a .solution of l>arium 
chloride yielding white crystals of the com])osition shown l)elo\\ . 


2 A 1 -,((V)i )3 -b 3Ba(’lj-> AbBaafC M >4)6 + 2.\lCl3 


.\. HosenluMin, Z. anorg. C’hcm., 11. 17.> (1890) 
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Al2((i04)3 

K 2 C 2 O 4 1-298 

Potassium aluminum oxalate is obtained by the crystallization of a 
mixture of diluted solutions of aluminum oxalate and potassium 
oxalate. 

Al2(C204)3 + 3 K 2 C 2 O 4 + GHzO^ [K3A1(C204)3]2-6H20 
F. Kehrmann and Nicolas Pickersgill, Z. anorg. Chem., 4, 133 (1893) B8 


Al2(C204)3 

K 2 C 2 O 4 1-299 

Na2C204 

Aluminum-potassium-sodium oxalate is obtained by the crystallization 
of a mbcture of diluted solutions of alumimun oxalate, potassium oxalate 
and sodium oxalate. 

Al2(C204)3 “h K2C2O4 “h 2Na2C204 “h 8H2O 

Al2(C204)3 • K2C2Q4 • (Na2C2Q4)2 ■ 8H2O 

F. Kehrmann and N. Pickersgill, Z. anorg. Chem., 4, 133 (1893) 28 


A1(C204-NH4)3 

BaCb 1-300 

SrCU 

By adding small portions of barium chloride to a solution of aluminum 
ammonium oxalate, white needles of barium ammonium aluminum 
oxalate are obtained. The same type reaction occurs with strontium 
chloride. 

(a) A1(C204-NH4)3 + BaCb + 2H2O 

^ 2NH4CI + A1 (C204)3 • Ba ■ NH4 • 2H2O 

(b) A1(C204'NH4)3 “j- SrCb -f- 5H2O 

= 2NH4CI + A1(C2Q4)3-Sr-NH4-5H2Q 

A. Rosenheim, Z. anorg. Chem., 21, 1 (1899) oa 


C 0 CI 2 


AJ(Cj 04-NH4)3 


1-301 


A solution of aluminum ammonium oxalate will react with a solution of 
oobaltous chloride yielding colorless crystals of aluminum ammonium 
cobalt oxalate. 


2A1(C204NH4)3 + 3 C 0 CI 2 

^ 2 NH 4 .\ 1 (C 204)2 -1- 2 CoC 204 -1- NH^CoCh + 3 NH 4 CI 

.V. Rosenheim, Z. anorg. Chem., 21, 1 (1899) 
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Al-Cu 

Br 1-302 

When an aluminum-copper alloy containing over 50% of aluminum is 
treated with a concentrated solution of bromine-potassium bromide in 
water, the principal reaction, (a), is accompanied by a secondaiy reac- 
tion, (b) or (c). 

(a) A1 -f 3Br AlBra 

(b) 2A1 + 4Br + 2 H 2 O 2Al(OH)Br2 + H 2 

(c) A1 + Br + 2 H 2 O Al(OH) 2 Br + II 2 

W. Louguinine and A. Schukareff, J. Chim. phys., 1, 9 (1903) 69 


AIF3 

H 2 O 1-303 

Aluminum fluoride treated with steam forms aluminum fluoride mono- 
hydrate. 

AIF3 + JIoO^ AIF3 II 2 O 

M. E. Band, Ann. Chim. phys. [VIII], 1, 63 (190-1) WO 


AIF3 

K 2 F 2 1-304 

If potassium fluoride is added to a solution of aluminum fluoride, a 
difficultly soluble double salt is formed. 

AIF3 + 2K2F2-^ AIF3-4KF 

Dammer’s Anorg. Cliom., Ill, 97 

Hef., Cushman and Ilul)hard, J. Am. CIumh. Soc., 30, 791 (I9()Sj / 


A! 1-3 

LiF 1-305 

The binary system lithium fluoride-aluminum fluoride gives a definite- 
double salt. 

3LiF -b AIF 3 AlF 3 - 3 LiF 


N. A. Preshin and A. \'. Ihxskov. J. Hus.s. Phy-s. ('horn. Soc.. 46, 82 


J 
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AIF3 

Na 1-306 

Aluminum is obtained when aluminum fluoride reacts with sodium 
or any alkali metal. 

4AIF3 -h 6Na -> 2A1 + 2Na3AlF6 
Ij. Gnibau, D.U.P. 47031 

Ref., Ber., 22. 459 (1889) 25 


AIF 3 

Na.COa + C 1-307 

Aluminum and sodium fluoride arc obtained at the same time when 
a mixture of sodium carbonate and aluminum fluoride is electrolyzed 
using a carbon anode and an aluminum cathode. 

(a) 4 AIF 3 -f- GNa^COa + 3C ^ 4A1 GNa^F. + 9CO2 

(b) 8 ALF 3 + GNaoC^Oa + 3C 12A1 + 2(AbF6-GNaF) + 900^ 

L. Grabau, D.H.P. 62851 

Ref., Her.. 25, 814 (1802) 25 


AIF 3 

NasCOg + C 1-308 

By electrolyzing a solution containing a mixture of aluminum fluoride 
(a), or aluminum o.xyfluoride (b). and sodium carbonate, dissolved in 
cryolite, metallic aluminum is deposited on the aluminum cathode. 

The carbon anode is oxidized to C()->. 


(a) 


2AI2F6 -h GNaoCO., + 3C 


(b) 2AI2OF4 + 4Xa2C03 4- 3C: 

I/. Grabau, I). It. P.. 62, 851 
Ref., Bor.. 26, 814 fl892) ab.slr. 


4A1 G\a2F2 + 9 CO 2 
• 4A1 -F 4Xa2F2 + VCO. 


25 


AIF 3 

NajS j .309 

A double svilfide is formed by heating together ahiminum fluoride ami 
sodium sulfide. 

00 2AIF3 4- 3Xa2S WSz 4- BXa-Ju 

(*>) 2AlF3-3Xa2F2 4- 3Xa2S -> ALSg 4- GXasFs 

(c) 2AIF3 4- GXasS -> Al2vS3-3Xa2S 4- 3Xa2F.> 

PeniakotT, D.K.P. 89143 (1895) 

Rof., Her.. 29, 1020 (1896) ^5 
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Rb2F2 


AUFelSIIaO 


1-310 


A double salt is formed when a molecular equivalent of aluminum 
fluoride is added to six molecular equivalents of rubidium fluoride 
and the resulting solution and precipitate are subjected to a tempera- 
ture of 270°. 


AbFe lSH/) + 2Rh2F2^ (IRjh^^ AbFe + (ISHoO) 

M. Tosterud, J. Am. Chem. Soc., 48, 4 (1926) 


Alia 

CCb 1.311 

A saturated solution of aluminum triiodide in carl)on disulfide is 
treated with car))on tetrachloride, diluted witli an ecpial volume of car- 
bon disulfld(‘, cooled to 0°. I'lie mixture is washed with water and 
the carbon disulfide distilU'd ofT in the absence of air. The residue 
is treated with sodium .sulfite .solution to nanove th(* iodine. 


\\\h + 3(’b -h 4Al(’l3 

M. (i. (lU.slav.soti, .\iiti. C'Ikmii. l*l>arm.. 172, 17 1 (1871) 
(lustav.son, J. Prakt. Cliiin., (2), 63, 110 (1901) 


:^0 

2o 


AII 3 

C.C16 1-312 

Aluminum iodide naiets partially witli hexachloroetham* upon heating, 
according to the following rc'action: 

;U’,(’lc + 2A1!3-> :i(U'b + 2A!(’b + 31-* 


(j. (lustuvfjoii, 

Ufif., r. Wrodon. 9. 1607, (1S76) 26' 




1-313 


C.,H5Cb 

.Vlumimuu triiodide reacts somewlial 
yielding tetiachloro ethylene (a), but 
trichloro hvdrin (1)). 


slowiv on h<'\achloro etiiane 
the action is more* vigorous on 


(a) 3('2('1 c + Al-jlr, ^C'oIIC'li -f- Abt'lr, + 3I2 

(h) (2(Ml5<'l.. -b Al2U“>2Al(’b + 31.. + 


(1. (lustav.son, 

Itef. y. Wrodcti, U. r , 9. 1607 (1H76) 
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Alia 

CH3CCI3 1-314 

Methyl iodofoim is produced when aluminum iodide reacts with 
methyl chloroform. 

CH3CCI3 + Alls — MCh + CH3CI3 

P. DeBoissieu, Bull. Soc. Chim., 49, 17 

Ref., M. L., J. Am. Chem. Soc., 10, 114 (1888) J 


AII3 

CjHsOH I.3I6 

Aluminum ethylate is obtained when aluminum iodide is treated 
with ethyl alcohol. 

(a) SCjHsOH + 2AII3 -> Al2(OC2H5)3l3 + 3 HI 

(b) Al 2 (OC 2 H 6 ) 3 l 3 + 3C2H6OH 2 A 1 ( 0 C 2 H 6)3 + 3 HI 

Hillyer and Crooker, Am. Chem. J., 19, 38 (1897) / 


AII3 

COCI2 I_31g 

Aluminum iodide is heated to 200 °. Then a stream of carbonyl 
chloiide is passed through. An amorphous substance of brown color, 
aluminum carbonoxide chloroiodide, is obtained. 

3AII3 + 2COCI2 - ^Alz(CO)2Chl +? 

A. V. Bartal, Z. anorg. Chem., 66, 51 (1908) £6 


FeCla 



1-317 


Free iodine is formed when ferric chloride reacts with aluminum iodide. 


2AII3 + GFeCls GFeCh + 2AICI3 + SL 

Scubert and Gaab, Z. anorg. Chem., 9, 212 (1895) 



AII3 

H3ASO3 J 

Small crystals separate when a moderately concentrated solution of 
aluminum iodide is saturated with areenious acid under heating. 

.\1I3 + 12H3As 03-» AlIj-fAsiOals-lSHoO 

Wcinland and Gruhl, Arch. Pharm., 256, 467 (1917) 

Ref., J. Chem. Soc., (London), 116, 411 (1919) 


26 
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AII3 

^ 6^2 1-319 

When a solution of aluminum iodide and mercuric iodide, from which 
the “oxyiodide” initially formed has been removed, is allowed to stand 
for a period of time in a dry atmosphere, very long, highly hygroscopic 
crystals are deposited in small amounts. 

AII3 + Hgl2 + 8H2O All3-Hgl2-8H20 

A. Duboin, Compt. rend., 146 1028 (1908) S5 


AII3 

KNH 2 1-320 

To a liquid ammonia solution of aluminum iodide is added potassium 
amide in insufficient amount to form a precipitate. The solution, 
on careful concentration, yields a crop of well formed crystals of the 
ammonobasic salt. 

2 AII 3 + 3 KNH 2 ^ All3 Al(NH2)3 + 3KI 

E. C. Franklin, Proc. Nat. Acad. 1, 70 (1915) 

Ref., E. C. Franklin, J. Am. Chem. Soc., 37, 849 (1915) 


6 /^ 

t 


AII3 

NH 3 1-321 

Aluminum iodide liexammoniatc forms when aluminum iodide reacts 
with liquid ammonia. Excess XII 3 yields a higher ammoniate, (b). 


(a) Alla + 0 NIl 3 -» .UI 3 - 6 NII 3 

(b) AII3 + 20X113 All3-20Xn3 

E. C. Franklin, J. .\in. Chein. Soc., 37, 848 (1915) / 


AII3 

PH 3 1-322 

By heating aluinimim iodide witli pho.sphine at a temperature of 50-70°, 
white colored crystals of monopliosphine-aluminum iodide are formed. 


MU + PH3-> AII3 PH3 

U. Holtjc and F. Meyor, Z. anor^. C’liom., 197, 93 (1931) 
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M2Mg3(SiO^)3 

Changing A & P 1-323 

The homogeneous equilibria involved in igneous magmas suffice to ex- 
plain the various associations of these rocks. Some typical represen- 
tations follow: 

(a) 3Al2Mg3(Si04)3 ^ 3Mg2Si04 + 2Al2MgSi30,o + MgAl204 

(b) MgsSbOe ^ Mg2Si04 + SiO. 

P. Niggli, Trans. Far. Soe., 20, 428 (1923) gs 


AIN 

Al2(S04)3 1-324 

When aluminum nitride is heated with aluminum sulfate or sulfuric 

acid, and water, ammonium sulfate and aluminum hydroxide are 
formed. 

(>A1N + Al2(S04)3 + 24H2O ->8A1(0H)2 + SCNID^SO., 

Badischc Anilin and Soda Fabrik, D.Il.P. 235868 

Ref., J. Chem. Soc., (London), 100, 1088 (1911) / 


AIN 

Al2(S04)3 1-326 

Aluminum liydroxide and ammonium sulfate are formed when alu- 
minum nitride is boiled with aluminum sulfate. 

()A1N + Al2(S04)3 + 24H2() ^ 8A1(0H)3 + 3(NH4)2S()4 

Hadische-.\nilin, Soda-P'abrik, 235,868 

J. Cliom. Soc., (London), 100, 1088 (1911) 95 


AIN 


C2H5OH 


1-326 


amine is 


Aluminum liydroxide is formed when aluminum nitride is treated 
with ethyl alcohol at 2S0X\ in a sealed tube. Tertiary ethyl 
louiul in solution. 

AIN + 3C2H5OH A 1 (()H )3 + (C.IU), N 

l iclitc'i- ;in(| Sju.iigol, A. anorg. Chein., 82, 200 (1913) 


25 
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Cl. 


AIN 

1-327 

Aluminum chloride is obtained when aluminum nitride is heated in a 
chlorine gas atmosphere, (temperature 700°). 

2A1N -h 3Cl2 -> 2 AICI 3 + No 


Fr. Fichtcr aiul A. Spcngel, Z. anorg. Chem., 82, 102 (1913) 


28 


AIN 


do 


1-328 


\\ hen aluminum nitride is treated witli oxygen-tree chlorine gas at 
about 7C0°C. a good yield of aluminum chloride is obtained (a). A 
larger yield is obtained when the nitride is treated with hydrogen 
chloride gas (b). 

(a) 2AIX + :K'Io ^ 2AI('l:, -h No 

(b) AIN + 4 I K 'I ^ AlC'b + NHA'l 

Ficliter and Spcngcl, Z. anorg. C'liem., 82, lOS (1913) 


28 


AIX 

HBr 1-329 

Aluminum bromide and ammonium bromide are formed when hydro- 
l)romic acid decomposes aluminum nitride. 

AIX + -llIHr-^ AlBra -H XlKBr 


Fichtcr and Spengcl, Z. anorg. Clicm., 82, 195 (1913) 


25 


AIX 

HCl 1-330 

When aluminum containing nitrogen is treated with hydrochloric acid, 
ammonium cliloride is formed. 

AIX + IIK‘1 — XIbC’l 4- (AlCb) 

A. L. Doyle and \V. H. Hadley, Analyst, 63, 117 (193.SJ -W 


HCl 



1-331 


Aluminum chloride and i 
minum nitride is heated 
acid for tweh(‘ to fifteen 


immonium chloride are formed when alti- 
with atjueous concentrated h^'droehloric 
hours. 


AIX -f lIK’l -> AlCb + XlIA'l 

Kiclilcr ami Spctjg<*l, /. anorg. (’hem., 82, 19.5 (191.1) 
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H2F2 


AIN 


1-332 


Alu m i n u m fluoride and ammonium fluoride are formed after heating 
aluminum nitride \vith a concentrated aqueous solution of hydro- 
fluoric acid on the water bath for four and one half hours. 


2A1N + 4H2F2 ^ 2AIF3 + (NH4)2F2 

Fichter and Spengel, Z. anorg. Chem., 82, 196 (1913) 



HNO3 


AIN 


1-333 


Aluminum nitrate and ammonium nitrate were formed when nitric 
acid decomposed aluminum nitride after eleven hours heating. 

AIN + 4HNO3 AI(N03)3 4 - NH4NO3 

Fichter and Spengel, Z. anorg. Chem,, 82, 195 (1913) 


HjPtCle 


AIN 


1-334 


Ammonium chloroplatinate is foimed when aluminum nitride is boiled 
with chloroplatinic acid. 

2A1N + 4H2PtCl5^ (NH4)2PtCle + (AbCPtCDa) 

Fichter and Spengel, Z. anorg. Chem., 82, 197 (1913) 


AIN 


H,0 


1-336 


Aluminum nitride is decomposed by water, yielding aluminum hydrox- 
ide and evolving ammonia. 

AIN -f 3H2O Ai(OH)3 + NH3 

Fichter and Spengel, Z. anorg. Chem., 82, 195 (1913) 


S8 


HoO 


AIN 


1-336 


Aluminum nitride reacts with water producing ammonia and alu- 
minum oxide. 

2A1N -I- 3H2O -> AI2O3 + 2NH3 

S. A. Tucker. J. Ind. Eng. Chem., 6, 192 (1913) 


tt 
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H2O 



1-337 


AVater reacts with aluminum nitride 
minum trioxidc. 


to produce ammonia and alu- 


2A1X + ari.O 2\Il3 + AhOj 

J. H. Capps, J. Ind. Eng. Clunn., 13, 810 (1921) 



AIX 

H2SO4 1-338 

Aluminum hydroxide and ammonium sulfate are formed when alu- 
minum nitride is heated with sulfuric acid. 

2A1X + II.SO^ + tiH,() ^ 2AI(()H)3 + (XIl4)2S04 

Undischc Anilin and Soda Fabrik, D.lt.P. 235868 

llof., J. Chem. Soe.. 100, 1088 (1911) t 


.MX 

H 2 SO 4 1-339 

Aluminum s\ilfate precipitates along with th(‘ formation of ammonium 
sulfate when a (liUit(‘ acpieous solution of sulfuric acid reacts with 
aluminum nitride. 


2A1X + 4ll2SO,-> A|..(S()4)3 + (XIl4)2S()4 

Fielder and Spengel. Z. anorg. Chem,. 82, 196 (1913) 


25 


AIX 

KOH 1-340 

Potassium jduminate is oljtaiiK'd wlieii alumijium nitride is lieated 
witli potassium hy<lro\ide in a clos(‘d tul)(‘. 

AIX 4- 3K()H ' + XII 3 


l*'iclder ami Sperigfl, Z. anoig. Chem., 82, l'.»5 (1913l 




0 , 


.MX 


1-341 


Aluminum o.xide is formed and nitrogen liheiated when aluminum 
nitride burns in ()xyg(*n. 

LMX 4- 2AM >3 4- 2 X 2 

Fi(4der and Speng<‘l. Z. iiiioig. ( hem., 82, 198 (1913; 


2o 
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AIN 

S 1-342 

Aluminum sulfide is formed when a mixture of sulfur and aluminum 
nitride is heated to 380 ®- 400 ®C. in a closed tube. 

4 A 1 N + 3S2 -> 2AI2S3 4 - 2N2 

Fichter and Spengel, Z. anorg. Chem., 82, 198 (1913) 25 


AIN 

S 2 CI 2 1-343 

Aluminum chloride and nitrogen are formed when a stream of carbon 
dioxide and sulfur monochloride is passed over heated aluminum 
nitride in a melting tube. 

2 A 1 N 4 - 3S2CI2 -> 2AICI3 -f- N2 4 3S2 

Fichter and Spengel: Z. anorg. Chem., 82, 198 (1913) I 


AI(N 03)3 

CH 3 • CO • CH 2 • CO • CH 3 1-344 

If aluminum nitrate is refluxed with a slight excess of acetylacetone, 
ammonia being added from time to time, aluminum acetylacetone is 
obtained quite pure and in quantitative yield. 

(A1(N03)3 4 3CH3-C0-CH2-C0-CH3-> A 1 (C 5 H 702)3 + 3HNO3) 

G. T. Morgan and H. D. K. Drew, J. Chem. Soc. (London), 119, 1061 (1921) 45 


A 1 (N 03)3 

CaHeNOH I.346 

It Ls possible to separate aluminum from beryllium w hen the two arc 

present together in a solution, slightly acidified with acetic acid, by 

adding 8 -hydroxyquinoline. The aluminum precipitates quantita- 
tively. 


(AI(N03)3 4 3C9H6NOH (C 9 HeNO) 3 Al + 3HNO3) 

F. G. Hill, Itid. Eng. Chem., .\nal. Ed., 4. 31 (1932) 
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AI(N03)3 

C3H4O6 I„34g 

NH4OH 

A soluble complex compound is formed when a solution of aluminum 
nitrate reacts with a solution of ammonium hydroxide in presence of 
tartronic acid. The complex compound is precipitated by alcohol. 

A 1 (N 03)3 + dNILOH + C 3 O 5 H 4 

AUCaO eHo-ML -HaO) + 3NH4NO3 + 2H2O 

J. Hanus and Ot. Quadrat, Z. anorg. Chem., 63 , 300 (1909) 28 


A1(N03)3 

C 4 O 6 H 6 1-347 

NH4OH 

A soluble complex compound is formed when aluminum nitrate solu- 
tion reacts with ammonium hydroxide solution in presence of tartaric 
acid. The complex compound is precipitated l)y alcoliol. 

A1(N03)3 + dXILOU 4- ChOelle 

Al(C407H4 Nll4) + ^NTLXOj -h 31M) 

J. Hanus and Ot. Quadrat, Z. anorg. Chem., 63, 300 (1909) 28 


AI(N03)3 

HPO 3 1-348 

Aluminum metaphosphate is formed when diy aluminum nitrate is 
dropped into metapliosplioric acid which has Ikjcu lieated to redness 
in a platinum dish. 

2AI(X03)3 + -> 2A1(P()3)3 -f (OlIXOa) 

U. Madrcll, Ann., 61, 53 (18-17) 25 


V1(X()3)3 


KCl 


1-349 


At normal temperatures aluminum nitrati* reacts witli j)otassium 
chloride to produce aluminum chloiide and ])otassium nitrate. 

A 1 (X() 3)3 + 3K(:i -> AICI 3 + 3KX()3 

/'ll ix . 1 OD . 1 r. I /wino\ 


C. Manuclli, (lazz, Chirn. Ital, 38: 151 (1908) 


21 
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A1(N03), 

(NHOjCOj 1-360 

Ammonium carbonate precipitates aluminum hydroxide from a solu- 
tion of aluminum nitrate. 

(a) 2AI(N0,)3 + 3(XH4)2C03 ^ Al2(C03)3 + (6NH4NO3) 

(b) AUCOz), + 6 H 2 O ^ 2A1(0H)3 + (3CO2 + 3H2O) 

Humphry Davy, Trans. Roy. Soc. (London), 96, 159 (1805) 106 


NH 4 OH 1-361 

Aluminum hydroxide is prepared l)y precipitation from a solution 
of aluminum nitrate by ammonium hydroxide. 

A1(N03)3 + 3NH4OH A1(0H)3 -h 3XH4NO3 

McKee and Burke, Ind. Kng. Chem., 15, 683 (1923) 1 


A1(N03)3 

NH 4 OH 1-362 

Concentrated s()lution.s of aluminum nitrate are first boiled to expel free 
HNO 3 and then treated with ammonia. The resulting precipitate is 
filtered off and washed. 

(.A1(X()3)3 + 3XH4 OH -> A1(0H)3 + 3XH4X()s) 

A. Foss and T. Mejdcl, I'. S. Pat. 1,-164,984 

Ref.. Chem. .\hstr., 17, 3755 (1923) 25 


A1(X03)3 

NaOH 1-363 

Hy addition of sodium hydroxide to a dilute solution of aluminum 
nitrate the hydrate and two aluminates are formed successively. 


(a) 

A1(X03)3 -t- 3Xa01[ 

A1(()H)., -f SNaNO, 

(b) 

A1(0H)3 -f Xa(Jll - 

NaAlO. -1- 211,0 

(c) 

XaAl02 + 2XaOri - 

^ NasAlO, -f H.O 


E. Clrobct, J. Chim. Piiys., 19, 331 (1921) 69 
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HCl 


AI.Na 80484 


1-364 


Ultramarine blue is formed when dry hydrogen chloride gas acts 
upon ultramarine white. 

Al 2 Na 804 S 4 + OlIOl -> AbNa-iSoOa + OXaC’l -j- IT-,0 -h 2 H 2 S 

H. Endenuinn: J. Am. Chem. Soo., 2 , 381 (1880) 


/ 


AlO 


CUSO4 


1-365 


Cuprous oxide is precipitated from a solution of copper sulfate by alu- 
minum monoxide. 

2 AlO + 2CU8O4 + aHoO C’u-,() -f (2A1(0H)3 + 28O2 + ().,) 

H. F. Keller, J. Am. Chem. Soc., 16, 8,39 (1894) 


/ 


AlO 


H.O 


1-366 


Aluminum monoxide obtained by reducing AbO.i with 
slowly liberates hydrogen from water. 

2A1() -f- 411,0 -> II, H- (2A1(()H)3) 

H. F. Keller, J. Am. Chem. Soe., 16, SIIO (1891) 


magnesium 


I 


AlO 


O 


1-367 


Aluminum monoxide may be oxidized to aluminum trioxide by heating 
in air. 

4 AlO 4- O, 2AI2O3 

H. F, Keller, J. Am. C’Ikmu. Soe., 16, 8*39 (1891) / 


A1,0:. 


1-368 


Aluminum is obtained when aluminum oxid{‘ is reduced l)y carlK)n 

at 2125°C. 

(a) A1,03 + 3C -> 2A1 + 300 

(b) 4A1 + 30 -> AhC^a 

(c) AI4O3 + AMb-^ OAl 4- 300 

UufT ami Schmidt, Z. unorg. Chem., 117, 175 (1921) 


25 
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ALOs 

C 1-359 

When comndum, mixed with charcoal, is subjected to the heat of an 
electric arc, it is immediately fused, and reduction of the molten mass 
proceeds rapidly. 

(AI2O3 + 3 C 2 A 1 + SCO) 

Charles F. Mabery: Am. Chem. J., 9, 11 (1887) 17 



AI2O3 


1-360 


Ores of aluminum (AI 2 O 3 ) may be reduced in an electric furnace with 
carbon. The product is then treated with hydrogen chloride gas at 
low red heat. The anhydrous aluminum chloride is then volatilized 
and may be condensed in substantially pure condition. The pure oxide 
is obtained by treating with water and e^'aporating the solution to 
drvness. 


(a) AI 2 O 3 + 3C 2A1 + SCO 

(b) ( 2 AI + 6 HC 1 2AICI3 + 3H2) 

Louis Burgess, Trans. Am. Electrochom. Soc., 47, 318 (1925; 49 


AI2O3 

C 1-361 

CI2 

A mixture of aluminum oxide and carbon when chlorinated at 650°C 
forms aluminum chloride, oxygen and carbon dioxide. Carbon acts as 
a catalyst. 

(a) 6 CI 2 2AI2O3 — > 4AICI3 + 3O2 

(b) 3 C + 3O2 3CO2 

Stover and Constantinescu, Can. J. Res., 14B, 328 (1936) 94 


AI2O3 

C -h CI 2 1-362 

Aluminum chloride is prepared when chlorine is passed into a mixture 
of carbon and aluminum oxide stirred with oil and heated to dull 
redness. 

AI2O3 -f 3C + 3CI2 2AICI3 + (SCO) 

Deville, Ann. chim. phys. [3], 43, 5 (1854) 

Ref., Ann., 92 , 255 (1854) io 
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C 

FeS 


AI 2 O 3 


1-363 


In the Haglund process for refining aluminous ores the main furnace 
leaction is approximately as shown in (a). The mixed slag is then 
cooled, crushed and leached with water and steam, (b). 

(a) AI 2 O 3 + 3C -f 3FeS -> AI 2 S 3 + 3CO + 3Fe 

(b) AI2S3 + 6H2O -> 2AI(0H)3 + 3H2S 

C. L. Mantell, Chem. Met. Eng., 36, 746 (1928) 


44 


C 

N 2 


AI2O3 


1-364 


In the Serpex process for refining aluminous ores the electric resistance 
furnace charge is heated to I, GOO to 1,8(K)°C. The aluminum nitride 
is then digested in an autoclave under steam pressure. 

(a) \Uh + 3C + N 2 -> 2A1N + 300 

(b) 2 A 1 N 4 - 3H2O ^ 2XH3 + AI2O3 

C. L. Mantell, Cliein. Met. Kng., 36, 746 (1928) 


44 


Al2<J3 

c + N 2 1-366 

If aluminum oxide is heat(Ml with coal and nitrogen in a Hanell type 
electric furnace at a temperature of 1800 19()0°(’, aluminum nitride 
is formed. The per cent nitrogen is 20-34%. 

AI 2 O 3 + 30 + X 2 -> 2A1X + 3C:0 

Helen H. IIoMinei-, .1. Iiul. Eng. C'liein., 9, 428 HOIT) 22 


c 

N2 


A 1203 


1-366 


At tcunperatures ranging from IGOO 2000°( ' aluminum oxide reacUs 
with carbon and nitrogen forming carbon monoxide and aluminum 
nitride. 

MAh 4- 30 4- X 2 2A1X 4- 300 

S. A. Tucker, J. Imi. Kng. Chem., 5, 101 (1913) 

Kef., Fraenkel, Z. lOlektrochem., 19, 362 (1913) 


22 

25 
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AI 2 O 3 

C 1-367 

N 2 

Aluminum nitride is fonned in a reaction between aluminum oxide, 
carbon, and nitrogen. The reaction is carried out in a specially con- 
structed furnace operating at 15-17 volts and 100 amp., and pro- 
viding a temperature of 1500*^0. 

AI 2 O 3 + 3C + N 2 ^ 2A1N -f SCO 

W. Fraenkel, Z. Elektrochem., 19. 362, 368 (1913) 

Itof., W. Fraenkel and J. Silbermann, ibid. 22. 107 (1916) S6 


AI2O3 

c 1-368 

S 

To prepare aluminum sulfide fill a clay retort with a mixture of alum- 
inum oxide and charcoal and heat to white heat. Then add slowly the 
necessary amount of sulfur. 

AI2O3 + SC + 3S -> SCO + AI2S3 

Alfred H. Buclierer, Z. angew. Chem., 6, -183 (1892) S4 


AI2O3 

C + S + Na2S 1-369 

Sodium aluminum sulfide is obtained when a mixture of aluminum 
oxide and sodium sulfide is heated in the piesence of powdered carbon 
and sulfur. 

AI 2 O 3 4- SNazS + SC H- 38 -> XaeAbSe + SCO 

.V. ilucliercr, Her., 26. 25 (1893) 26 


AI2O3 

C2H6OH ■ 1-370 

Ethyl alcohol vapors are dehydrated to ethylene catalytically at 350- 
370°C. by aluminum oxide. 

C2H6OII C2H4 + H2() 

'1'. Hutuec-ns, Ilelv. C’liiin. Aetii, 1, 138 (1918) 78 

T. Hatueca?, J. Chim. phys., 22, 101 (1025) 69 


ALUMINUM 


105 


CiHfiOM 


\l2()3 


1-371 


Ethyl alcohol was passed over alumina containing 5.5% water. The 
temperature during the pyrolysis wj^s at 250°C. A yield of 43% ethyl 
ether was obtained. 

2C2H5OII CoILOColU + HoO 

iMunro and Horn, Can. J. lies., 12, 707 (1035; 


9i 


AI2O3 

COCI2 I_372 

By passing carbonyl chloride over lieated aluminum oxide, aluminum 
chloride is obtained. 


• AI2O3 + 3COCI2 2AICI3 + 3C()2 
P. P. Budnikoff, Z. Angew. Chcm., 37, 100 (1024) 


3i 


AI2O3 

CS 2 1-373 

Aluminum sulfide is formed wlaai vapors of carbon disulfide are passed 
over a mixtun* of aluminum oxide and coal which has l)een heated to 
redness. 

2Al2()3 + 3('S2 -> 2 AI 2 S 3 -f 3(’()a 


Fremy, Coinpt. rend., 36, 27 
Kef., Ann., 84, 227 (1852) 


25 


AI 2 O 3 

CS 2 1-374 

Carbon disulfide acts on aluminum oxide' at a liigh temperature to form 
carbonyl sulfide. 

(.'82 H- XUh-* COS + (2A1 + SOa) 

F. C. Phillips, Am. Chein. .1., 16, 345 (1801) 13 


AUO^ 

CS 2 1-376 

NaaPO^ 

A double compound is formed when aluminum oxide is heate'd with a 
metallic phosphate (sodium phosphate) in an atinosph(‘r(‘ of carbon 
disulfide vapor. 

(AI2O3 + 2(’S2 + 2Xa3P04^ .VI..S3-Xa..S + WSh + 2Xa->('()3) 

PeniakofT, Bor., 29, 027 (1890) 25 
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AI2O3 

CaCj 1-376 

Yellow crystals of aluminum carbide are formed when aluminum oxide 
is fused with calcium carbide. 

ZC&Ci + 2AI2O3 ^ ALC3 + 3 CaO + SCO 

Moissan, Compt, rend., 126, 839 (1897) 

Ref., J. Chem. Soc., (London), 74, 161 (1898) $5 


AI2O8 

CaC2 1-377 

Aluminum oxide can be reduced to the metal if its mixture with cal- 
cium carbide is heated moderately. The reaction is vehement, 

5AI2O3 + SCaCz lOAl + 3 CaO + 6CO2 

F. V. Kiigelgen, Z. Elektrochem., 7, 577 (1901) 86 


AI2O3 

CaCOs 1-378 

C.P. calcium carbonate and C.P. alumina mixed with a little water 
and molded into bars and burned in an updraft gas fired kiln 4 hours 
at 1350 ° it; 20 °. The product was ground, remolded and reburned. 
Final product shows no free lime. Four calcium aluminates were 
prepared. 

(a) SCaCOj + 5AI2O3 (CaOs-SAbOg + ZCO2 

(b) CaC03 + AI2O3 ^ Ca(A 102)2 + CO2 

(c) SCaCOa + 3AI2O3 ^ (CaO)5- (Al203)3 + SCOs 

(d) SCaCOa + AI2O3 ^ (Ca0)3-(Al203) + 3CO2 
L. S. Wells, 

Ref., B. S., J. Res. 1, 962 (1928) 9 


AI2O3 

CaO 1-379 

Lime and alumina, when correctly mixed and exposed to steam at 150 °C. 
give the hexahydrate of tricalcium aluminate. This product on ignition 
gives anhydrous tricalcium aluminate at 1100 °C. 

(a) 3 CaO + AI2O3 + 6H2O — > (Ca0)3-Al203-6H20 

(b) ((CaO)3- Al203*6H20 — > Ca3(A103)2 + 6H2O) 

Thorvaldsen, Grace and Vigfusson, Can. J. Res., 1, 201 (1929) H 
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CaO 


AI2O3 


1-380 


Pentacalcium^trialuminate crystallizes from a melt of this composition 
at about 1470 C. It can also be formed at a much lower temperature by 
heating a mixture of lime and alumina. 


5 CaO + (Ca0)6-3Al203 

F. M. Lea and T. W. Parker, Trans. Roy. Soc., (London), 234A, 1-42 (1934-35) 105 


CaO 


AI2O3 


1-381 


A mixture of lime and alumina in the solid state forms tricalcium alum- 
inate when heated to less than 1580 ®C. 


3 CaO -h AI2O3 (CaOs-AbOa 

F. M. Lea and T. W. Parker, Trans. Roy. Soc., (London), 234A, 1 (1934-35) S5 


AbOa 

CaO -f Fe I_382 

The prospects for the successful reclamation of alumina from clay by the 
Miguet Process (U. S. Patent 1 , 370 , 503 ) are poor. The following re- 
actions, in which calcium aluminate is tapped off as a slag, proceed to 
only a small extent: 

(a) AbOa • (8102)2 ■ 21 12O -p le “b 4 C' -f- CaO — > 

FeSio H- ICO -f CaO AbOs + 2H2O 

(b) CaO-AbOa Xa2C03 (leach) C’aCOa + Na20’Ab03 

C. Williams, Bull. Am. Ceram. Soc., 1, 333 (1922) 85 


?Vb03 


CaO 

FG2O3 


1-383 


Tetracalcium alumino ferrite ciystallizes from a melt of the same com- 
position at about 142 ()°C’. It can also be formed at a lower tempera- 
ture by heating a mixture of lime, alumina, and ferric oxide. 

4 Ca() + MAh + Fe-,03-> (CaOj4-.Vb03-Fe2(b 

F. M. Loa and T. W. Parker, 4’ran.s. Koy. Soc. (London) 234A, 1-42 (1931-351 


105 



108 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


AI2O3 

CaS 1-384 

C 

S 

Calcium thioaluminate is obtained when a mixture of calcium sulfide 
and aluminum oxide is heated in the presence of powdered carbon and 
sulfur. 

AI2O3 + 3CaS + 3C + 3S Ca3(AlS3)2 + (3CO) 

A. Bucherer, Ber., 26, 25 (1893) 


AI2O3 

CaS04 1-386 

Calcium metaluminate is formed when calcium sulfate is allowed to 
react with aluminum oxide at 940-950°. 

2 AI 2 O 3 + 2CaS04 2Ca(A102)2 + 2 SO 2 + O 2 

Marchal, Coinpt. rend., 177, 1300 (1923) 

Ref., J. Chem. Soc. (London), 126, 44 (1924) 


AI2O3 

CaSi03 1-386 

Si02 

H 2 O 

Evidence shows that during the metamorphosis of minerals in the 
earth’s civist calcium silicate (wollastonite) combines with aluminum 
oxide (alumina), silicon dioxide (quartz) and water to fonn hydrated 
aluminum calcium silicate (zoisite). 

dCaSiOa + 3 AI 2 O 3 4- 2Si03 + H 2 O 2Al3Ca20H (Si04)3 

H. von Eckerman, Geol. Foren. Forh., 44, Xo. 349,297 (1922) \0 

AI2O3 

CICO 2 CCI 3 1-387 

Trichloromethyl chloroformate decomposes into carbon tetrachloride 
and carbon dioxide in the presence of alumina. 

CICO2CCI3 -> CO2 + CCI4 

W. D. Bancroft, J. Ind. Eng. Chem., 13, 86 (1921) H 


ALUMIXU.M 


KM) 


AI2O3 


CoO 


1-388 


Thenard s blue is formed when a mixture of cobaltous oxide and alu- 
minum oxide is heated to a high temperature with potassium chloride as 
a flux. 

C;oO + AU_ih -> C 0 AI 2 O 4 

Hcdvall, Upsala Arch. for. Kcni. Min. CJeol., 5, Xo. 16 (1914) 


I 


A hi )3 


CoO 


1-389 


A blue cobalt aluminate is formed when aluminum oxide is lieated 
above redness but not above 1 K)()°C. with cobaltous oxide. 

A1..()3 + ('oO Co(A1()2)2 

Iledvall, Z. aiiorg. Cluun., 92, 306 (1911) 


26 


AlsOa 

CoO I_390 

Hy fusinga mixtun* of aluminum trioxide and cobalt mon(>\i<le, contain- 
ing some excess of the latter, at temperatuies above 110 ()°(', a green 
cobalt aluminate is obtained. 

oAhOa + 7(’o()^ (C'o()) 7 - 5 Al 2()3 

J. A. Iledvall, Z. anorj;. Clioni., 92, 311 (191.5) 28 


M 2 I ^3 


CoO 


1-391 


When aluminum oxid(‘ and cobalt oxide are fu.s(>d tog(dhei- blue (•ol)alt 
aluminate is formed, b\it if cobalt oxide is in (‘xcess and the tempcuaturc' 
ri.ses above 1 1 ()()°(’ green cobalt aluminate is formed, (b). 


(a) 

fb) 


('oO -f AbO.-, - > i'oO-.Wh 
ICoO -t- ;b\b 03 --> (<'o())4-(AM):da 


J. A. Iledvall, .\ik. , Min .deol . 5, Part I(». (> S (1*111) 


10 
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AI2O3 

CUCI 2 1-392 

CaC2 

A mixture of 20g aluminum trioxide, 40g cupric chloride and 20g cal- 
cium carbide is made to react with a primer. 

2 AI 2 O 3 + 3 CuCl 2 4- SCaCz ^ 6 CO -|- SCaCb 4- AI 4 CU 3 

K. Nischk, Z. Elektrochem., 29, 382 (1923 ) 86 


AI 2 O 3 

CuO 1-393 

By heating aluminum oxide with cupric oxide to 850° for a week cupric 
aluminate of brown color is obtained. 

AI 2 O 3 4- CuO CuO AbO a 

Hedvall and Henberger, Z. anorg. Chem., 116, 137 (1921) S8 

AI 2 O 3 

Fe 1-394 

Iron will reduce aluminum oxide, in the presence of the heat of an electric 
furnace. The iron will retain some of the aluminum in the form of an 
alloy. 

(AI 2 O 3 4- 2Fe ^ 2A1 4- Fe^Oj) 

Charles F. Mabery: Am. Chem. J., 9, 13 (1887) 17 


AI 2 O 3 

FeS 1.396 

When a mixture of aluminum oxide, carbon, and ferrous sulfide is 
heated in an electric furnace, aluminum sulfide is formed. 

AI 2 O 3 4" 3C 4- 3FeS AI 2 S 3 4- 3CO 4" 3Fe 

T. H. Haglund, Ind. Eng. Chem., 18, 67 (1926) 2S 


AI2O3 

HCNS 1.396 

Aluminum oxide was allowed to react with thiocyanic acid; it formed 
non-deliquescent octahedra. 

AI 2 O 3 + 6HCNS ^ 2A1(CNS)3 + ( 3 H 2 O) 

Robert Porrett, Jr., Trans. Roy. Soc. (London), 104, 552 (1814) 105 
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HCl 


iVl203 


Aluminum chloride is prepared by heating a mixture of aluminum 
and carbon in the presence of hydrogen chloride gas. 

AI2O3 + 6HC1 2AICI3 + (3H2O) 

C. A. Taure, Ber., 26, 816 (1893) 


1-397 

oxide 



AI2O3 

HCIO4 

NaC104 


1-398 


A solution of aluminum oxide in perchloric acid will react with sodium 

perchlorate, yielding a white colored precipitate, a complex aluminum 
salt. 


(a) AI2O3 + 6HCIO4 -> 2A1 (0104)3 + SILO 

(b) A1(C104)3 + NaC104 + 12 IL 0 [A 1 (0104)4 ]Na • 12H2O 

R. F. Weinland and Fr. Eusgraber, Z. anorg. Chem., 84, 368 (1914) 


H2Cr04 


AI2O3 


1-399 


A basic aluminum dichromate was obtained wlien a solution of aluminum 
oxide in chromic acid was evaporated. 


AI 2 O.-, + 41120104 -> Al2O(0r2O7)2 + (dll-O) 

Calcagni, (lazz. cliim. ital., 66, 39G (1926) 

Ref., .1. Chcin. Soc., (London), 128, 891 (1926) 25 


Abf )3 

H2F2 1-400 

Aluminum oxide is converted (juantitatively into aluminum fluoride 
when ignited at white heat in vapors of hydrofluoric acid. 

AI2O3 + SILFo-^ 2AIF3 + (SII.O) 

Van Haagen and Smith, J. Am. Chem. Soc., 33, 1504 (1911) / 


HNO3 


AI2O3 


1-401 


Crystals of aluminum nitrate ar(* formed when strongly heated alu- 
minum oxide is dissolved in hot concentrated nitric acid. 


+ 011X03^ 2.\1(N03)3 + SILO 

Jovitschitach, Monatsh. 33, 9 (1912) 

Ref., J. Chem. Soc., (London), 102, 261 (1912) 25 
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AI2O3 

H3PO4 1.402 

Primary aluminum hydrogen phosphate is obtained by evaporating a 
solution of aluminum oxide in phosphoric acid to crystallization. 

AI2O3 -f 6H3PO4 ^ 2A1(H2P04)3 + (3H2O) 

A. Pinner, Ber., 11. 2281 (1878) 9 g 


HoS 


AI2O3 


1-403 


Aluminum sulfide is formed when aluminum oxide is heated to a high 
temperature with hydrogen sulfide. 

AI2O3 + 3H2S -> AI2S3 -f- {3H2O) 

Schumann, Ann., 187, 311 (1877) 


25 


ASoO; 


H.S 


1-404 


White arsenic reacted with a solution of hydrogen .^ulfide and turned 
yellow, indicating tlie formation of arsenic sulfide. 

(^) As .>()3 + 3H20-> 21l3A.s():, 

(*>) 2 Il 3 As ()3 -h 3H2S AS2S3 + (OH.O) 

.1. (1. Schmeiser, Trans. Itoy. S»c. {F^ondon), 82, 117 (1892) 105 

AI2O3 

1-406 

A crystalline precipitate of potassium metaluminate forms when cor- 
responding amounts of aluminum oxide and pota.ssium hydroxide react. 

AI2O3 + 2 K()H 2KAIO2 + (HoO) 

K. Ditte, Coinpt. rend., 116, 183 
Ilef., Ber., 26, 139 (1893) 


Ab03 

KOH + HF 

Potassium hexafluoaluminate may be prepared from the oxide of alumi- 
num. The gelatinous precipitate is filtered and ground to a fine white 
powd(‘r. 

Al.Og + (IKOII + 12HF ^ 2K3.\1F6 + OHoC 

Carter: Ind. Eng. Chem., 22 , 889 (1930) 


1-40 
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AI2O3 


KOH + H.SiFe 

Potassium hexafluoaluminate may be prepared from the oxides of alumi- 
num The gelatinous precipitate is filtered and ground to a fine white 
powder. 


AI2O3 + OKOH -f 2H2SiF6 2K3AIF6 -f 2Si02 + 5H2O 

Carter: Ind. Eng. Chetn., 22 , 889 (19.30) 


24 


LUCOz 


ALO; 


1-408 


Fuse^a mixture of lithium carbonate and alumina at 900°, then at 
1200°. Microscopic plates of lithium metaluminate are formed. 

U.Cih + AI2O3 2LiAI02 + CX)2 

F. M. Jaeger and A. Siinek, Proe. K. .\kad. Wet., 17, 2.39-251, 251-270 (1914) 


LhCOa “b SiOo 


AI 2 O 3 


If a mixture of aluminum oxide, lithium carbonate and sand is Iteate 
in a closed crucible at ir>00°(’., one gets a lithium aluminum .silicate. 


1-409 

1 


AI 2 O 3 + Li2C'()3 2.Si()2 — > 2I.,iAlSi()< + (('(> 2 ) 

Jaeger and Simek: Proe. K. Akad. Wet., 17, 239-251, 251-270 (1914) 
Ilef., J. Chem. Soe., (London) 2, 1810 (1914) 


AI 2 O 3 

U2CO3 

Si02 


1-410 


An aluminum, lithium silicate is obtained if a mixture containing alumi- 
num oxi<le, an excess of san<l, and lithium earbonate is h(‘at(*d to 

1500°(\ 


A1..()3 + bi2(’().3 + ISiO., -> 2bi.M(Si()3)2 -b (Cih) 


Jaeger and Simek. J’roc. K, Akatl. W(>t , 17, 2.39, 251 (1914) 
Kef., J. Chem. Soe., 2, 1810 (1914) 


o 
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AlgOs 

Mg 1-411 

Aluminum monoxide may be prepared by heating aluminum oxide and 
magnesium in a current of dry hydrogen. 

AI 2 O 3 + Mg 2AIO + MgO 

H. F. Keller: J. Am. Chem. Soc., 16, 839 (1894) 1 


AI 2 O 3 

Mg 1-412 

Aluminum oxide is reduced when heated with magnesium in an atmos- 
phere of hydrogen, 

AI 2 O 3 4- 3Mg 3MgO + 2A1 

H. F. Keller, J. Am. Chem. Soc., 16, 838 (1894) t 

^ ^ ^ ^ MB M M M ^ ^ 

AI 2 O 3 

N 2 1-413 

C 

When nitrogen is passed over carbon and aluminum oxide in an electric 
furnace, aluminum nitride is obtained, 

AI 2 O 3 + 3C -f N 2 -> 2A1N -h 3C0 

F. Haber, J. Ind. Eng. Chem., 6, 330 (1914) 

AI 2 O 3 

Na2B407- IOH 2 O 1-414 

Comndum, which is essentially AI 2 O 3 , was fused with twice its weight 
of borax in a platinum crucible yielding sodium metaluminate. 

Na2B4O7-10H2O + AI2O3 2NaA102 + (2B2O3 + IOH2O) 

Richard Chenevix, Trans. Roy. Soc. (London), 92, 329 (1802) 105 

AI 2 O 3 

NasCOg 1415 

Dry aluminum oxide fused with sodium carbonate yields sodium 
metaluminate. 

AI2O3 -h Na2C03 — » 2NaA102 + CO2 

Glinther Feld, Z. angew. Chem., 39, 174 (1926) Si 
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Na2C03 -f- CS2 


AI2O3 


1-416 


A double sulfide is formed when aluminum oxide and sodium carbonate 
iire heated in an atmosphere of carljon disulfide vapor. 

AI2O3 -b SNaoCOs + 3CS2 -> Nas^MoSe + 6CO2 


Jaennigen, Ber., 28 , 659 (1895) 



NaC104 + HCIO4 


AI2O3 


1-417 


Colorless, granular, slightly hygroscopic crystals of sodium aluminum 
tetraperchloratc are formed when hydrated aluminum is dissolved 
in perchloric acid and then a solution of sodium perchlorate added. 


(a) AbOa-SlLO -f- r>IICI04 [A 1 (0104)3)2 -(ilLO 

(b) AI(CI 04 ) 3 -()IT 20 + XaC 104 + GILO -- XaAl(C 104 ) 4 - 12H2O 

Weinlancl and Knsgrabor, Z. anorg. Chem., 84 , 370 (1914) 


AI2O3 

NaaO 1.413 

CaO 

In the system Xa20-Ca0*Al203 there are two ternary compounds. 

(a) 3 CaO + 2Na20 + (CaO)3- (Xa20)2- (AbOa)^ 

Docs not dissociate or melt up to U> 30 °C. 

(b) 8CaO + Na20 + AI2O3 -> (CaO)8- (XaiO) ■ (Al.Oa) 

Dissociates into CaO and liquid at 1508 °Cb 

L. T. Brownrniller and II. II. Hogue, 

Ref., B. S. J. Res.. 8. 296 (1932) 0 


AI2O3 

Na 2 S 04 “b FeS2 1-419 

Sodium orthoaluminate is obtained when a mixture of aluminum oxide 
and sodium sulfate is heated to redness in the presence of iron pyrite. 

IIAI2O3 4 “ Gl'eS2 “b 33X’a2S04 — * 22Na3A103 -b 3I'e203 -b 45S()2 
Peniakoff, Ber., 28 , 505 (1895) 25 
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AI2O3 

Na2S04 + NaaS 1-420 

Sodium orthoaluminate is formed when aluminum oxide and sodium 
sulfate are heated to redness in the presence of sodium sulfide. 

4AI2O3 -|- 3Na2S “h 9Na2S04 — > 12 SO 2 -|- SNajAlOg 


Peniakoff, Ber., 28, 505 (1895) 


25 


AI2O3 

S + c 1-421 

Aluminum sulfide is formed and carbon monoxide is evolved when 
sulfur is added to a mixture of aluminum oxide and carbon. 


AI2O3 + 3S + 3C ^ M2S3 + SCO 

A. H. Bucherer, Z. anorg. Chem., 1, 483 (1892) 


25 


AI2O3 


S2CI2 1-422 

By passing sulfur monochloride over heated aluminum oxide, aluminum 
chloride and sulfur are produced. 

2AI2O3 -f- 6S2CI2 ^ 4AICI3 + 3SO2 “f" 9 S 

P. P. Budnikoff, Z. angew. Chein., 37, 100 (1924) S5 


AI2O3 

Si02 + KCl 1.423 

A minutely crystalline product is obtained when a mixture containing 
aluminum oxide, silica and a large excess of potassium chloride is fused. 
Similar reactions take place when aluminum oxide and silica are fused 
with K2CO3, K2SO4 and KaCrO, 

4AI2O3 + 0 SiO 2 -h OKC’l — » 3K2Al2Si208 + (2AICI3) 


Wcyberg, Centr. Min., 395 (1908) 

Ref., J. Chem. Soc. (London), 94, 697 (1908) 


25 


AI2O3 


TiO 


The system titanium oxide-aluminum oxide was investigated, 
compound exLsts melting at about 18 () 0 °C. 

Ti()2 + AbOa^ Ti02.Al2()3 

K. N. Bunting, B. S. J. Res., 11, 725 (1933) 


1-424 

Only one 
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ZnO 


AloO, 


1-426 


The binary system zinc oxide-aluminum oxide shows only one com- 
pound and a eutectic melting at 1720° ± 10°C. with 83 mole percent of 
zinc oxide. The melting point ol zinc oxide-aluminum oxide is 1950° 

rb 10°C. at which temperature considerable vaporization of zinc oxide 
occurs. 

ZnO -f- AI 2 O 3 — > ZnO -AloOs 
E. N. Bunting, Ref., B. S. J. Res.. 8. 280 (1932) 


9 


c 

CuO 


AI 2 O; 


1426 


Aluminum trioxide reacts with carbon in an arc of 40 \' and 150 Amp 
to form aluminum carbide, (a). However, if copper oxide is present, 
no carbide, Init an aluminum copper alloy is formed, (1j). 

(a) 4A1..0:, + 12U — (iC'O. -1- 2AU(’3 

(b) A1..()3 -b OC'uO + 9U -> 2A1 Cu3 + 9CO 

K. Nisclik, Z. Elcktrochem.. 29. 379, 382 (1923) 


80 


M,ih 


1427 


When aluminum oxide is heated at 15()()°(’ with caibon and nitrogen, 
aluminum nitride is formed. 

AMb + 3(’ -h X. — 2A1.\ + 3UO 

l\rase, 'l'lioinj)scin and Veo, In<l. faig. (’hem.. 18, 1288 (1920) 


33 


\U );, ll20 


CaO 


1428 


When bauxite is mixed with limestone in tlie prop<‘r proportions and 
this mixture fused, a cliiiker is pixxluced whi<*li when pulverized yields 
a cement es.sentially calcium ahuninate which will sltuid higher temper- 
atures, more greatly r(*sist attack by a<*ids and (■h(“micals and mon* 
(|uickly harden than Roitland ceiiH-nt. 

(AM);, 11*0 t CaO > Ca(.VlO,)o f ILO) 
b. laU-hliehl, Cl.em. Im!., 48, loO (1911) 


O.i 



118 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


AlzOs-SHaO 

H2SO4 1-429 

Commercial aluminum sulfate is made by digesting bauxite with sulfuric 
acid, the percentage of chemically combined water in the bauxite being 
a general index of the acid solubility of the alumina. 

(A1203-3H20 4 - 3H2SO4 Al2(S04)3 + 6H2O) 

L. Litchfield, Chem. Ind., 48, 159 (1941) 8^ 


AI2O8 • H2O 

Na2C03 1-430 

Hydrated aluminum oxide when heated with sodium carbonate to 950 ° 
yields both the meta and orthoaluminates (a), which upon heating to 
1200° yield the metaluminate, (b). 

(a) [2AI2O3 • H2O + 2Na2C03 

^ NaAlOs + Na3A103 + AI2O3 + 2H2O + 2CO2] 

(b) NaaAlOs + NaAI02 4 - AI2O3 — > 4 NaA 102 

Giinther Feld, Z. Angew. Chem., 39, 174 (1926) si 


A1203-3H20 


NaOH 


1-431 


Bauxite digested with caustic soda or fused with soda ash produces 
sodium aluminate which is widely used in the treatment of boiler water 
and municipal filtration plants to supplement the action of aluminum 
sulfate. 


(A1203-3H20 4 - 2 NaOH — > 2 NaA 102 4 - 4H2O) 

L. Litchfield, Chem. Ind., 48, 159 (1941) 


AljOaCaO 


H2O 


1-432 


The hydration of aluminum oxide-calcium oxide in Portland cement may 
be best explained by the following equation. 


AloOaCaO 4 - 7H2O Al203-Ca0-7H20 

Orazio Rebuffat, Gazz. Chim. Ital, 28, 246 (1898) 
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Al20r4 


Na2C08 “I" C j 

Aluminum and cryolite are obtained when a mixture of sodium car- 
bonate and aluminum oxyfluoride is electrolyzed using a carbon anode 
and an aluminum cathode. 


3AI2OF4 + SNasCOs + 30^ 2Na3AlF6 + 6CO2 + 4A1 

L. Grabau, D. R. P. 62851 
Ref., Ber., 26, 814 (1893) 


Ba(0H)2 


A1(0H)3 


1-434 


Asymmetric, transparent crystals, which become turbid, are formed 
when freshly precipitated aluminum hydroxide is boiled with barium 
hydroxide. 


2A1(0H)3 + 2Ba(OH)2 ^ Ba^AbOs • SH^O 

E. Beckmann, Ber., 14, (1881) 

Ref., Ann., 267, 359 (1890) 


A1((JII)3 

C6H2(N02)30H I_436 

Aluminum picrate hexadecahydrate is prepared by digesting freshly 
precipitated aluminum hydroxide with aqueous solution of picric acid 
for several days, and concentrating the filtrate. On cooling, the salt is 
deposited in pale yellow needles. The hexadecaliydrate forms the 
tetrahydrate in yellow powder wh(‘n heated to 80®. 

(a) 3C6ll2(X()2)3()n -f A1(()1I)3 + 13II2O -> iCelhi^OihOhAl-m-hO 

(b) [C6ll2(N02)30]3Al-lGll3()^ (C’6ll2(N02)30]3Al-4ll20 + I2PI2O 

O, Silberrud and II. A. Plji!lip.s, J. Cliein. .Soc. (London), 93, -183 (1908) 67 


C4H6O 


Al(OIl)3 


1-436 


Aluminum hydroxide* is soluble in tartaric acid, 
active complex. 


giving an optically 


Al((>II)3 + (:4n6(>6 A1(()II)3-C4H606 

E. Darmois, Ann. Cliini. IMiy-s., 22, 217 (1911) 

Hof., Ycu Ki Ilcng, J. t’liiin. phys., 33, 35G (1030) 
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Al(OH), 

040016 or i-43? 

NaC406H6 

Alumino-malic acid can be crystallized from solutions of aluminum 
hydroxide in malic acid, (a), or in monosodium malate, (b) : 

(a) ^ (A1(0H)3 + C4O5H6 ^ A1(0H)C405H4 + 2H2O) 

(b) (A1{0H)3 + XaC.OsHs ^ A1(0H)C405H4 + NaOH + HoO) 

J. L. Delsal, J. Cliim. phys., 35, 350 (1938) $$ 


A1(0H)3 

CjOsHsNHo 1,438 

Aluminum hydroxide forms a levo-rotatory complex with tartramic 
acid: 

(A1(0H)3 + C406H6NH,^ A1(0H)3 C406H5NH3) 

Veu Ki lleng, J. (’him. phys., 33. 356 (1936) 69 


CaCOj 


A1(0H)3 


1-439 


Calcium carbonate and aluminum hydroxide aie mixed in the latio of 
3:2, dried, and finally placed in a furnace at 1300°(’. After grinding, 
it is further treated at 1370°C. 


3CaC()3 + 2AI(0H)3-> (Ca())3* AbOg + + 3 CO 2 


TliorvaUlson and Grace, Can. J. Res., 1, 37 (1929) 



CaS -f C + S 


A1(0H)3 


1-440 


Calcium aluminum sulfide is obtained when a mixture of aluminum 

hydroxide and calcium sulfide is heated in the presence of powdered 
sulfur and carbon. 


2Al(()n)3 + 3CaS + .3S + 3C t’a,AbSc + 3C() + 3H.O 


A. Buclicrcr, D. U. P. 63995 
Kef., Her., 26. 25 (1893) 
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A1(0H)3 

CaS04 

Ca(OH)2 


1-441 


A solution containing calcium hydroxide and calcium sulfate acting on 
precipitated aluminum hydroxide lor about a month foiTns calcium 
aluminate-calcium sulfate. 


SCaSOi + 2Al(()n).3 + 3C;a(()II), + 251120 

(CaO)3( AbOa) • (CaS04)3 • 3 1 HoO 

Lerch, Ashton jiiul Hogue, H. S. J. Res., 2, 721 (1929) 0 


C0CO3 4 - II2F2 


A1(()II)3 


1-442 


Aluminum cobalt fluoride .M*jKuates in foiin of pink crystals when a 
hydrofluoric acid solution of aluminum hydroxide is treated with a hydro- 
fluoric acid solution of cobalt carbonate and allowed to eyaporate oyer 
lime at ordinary temperature. 


2A1(0H)3 + 2(’o(’<) 3 + 511, hb + bII->0 

-> (2C'02) + 2(Air3-(’oF, ■711,0} 

Weinland and Koppen, /. anorg. CMumo., 22, 2()(i (1H99) 

Kef., .1. C3ieni. S{)<'. (bfinilon), 78, 1-M (19(X)) J5 


A1(01I)3 


Co(OH), 

HjF, 


1-443 


Aluminum cobalt fluoride separates as i-eddish-w hite crystals w hen a 
hydrofluoric acid solution of aluminum hydroxide' is treated with a 
hydrofluoric acid solution of cobalt hydroxide* and allowcel to eyaporate 
over lime at ordinary temperat uie*. 

2A1(01I)3 + 2(’o(OI!)2 + 511, K, + 111,0 2(AlK3 (’oF-7Ii,0} 


■io 


Weinland and Koppen, /. anorg. (’hem.. 22, 2(ie) (1S99) 
Kef., J. Chem. Soe. (Fondon). 78. Ml (1900) 
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F6CO3 H2F2 


Al(OH) 


1-444 


Aluminum ferrous fluoride is formed as greenish white rhomboidal 
crystals when aluminum hydroxide dissolved in diluted hydrofluoric 
acid is treated with a hydrofluoric acid solution of ferrous carbon- 
ate and allowed to evaporate over lime at ordinary temperature. 

5H2F2 + 2A1(0H)3 + 2FeC03 + 6H2O 

->2(AlF3-FeF2-7H20) + (2CO2) 

Weinland and Koppen, Z. anorg. Chem., 22» 266 (1899) 

Ref., J. Chem. Soc. (London), 78, 144 (1900) 


86 


A1(0H)3 

Fe(OH)2 + H2F2 1-446 

Aluminum ferrous fluoride forms as small, greenish white, rhomboidal 
ci-ystals when aluminum hydroxide dissolved in dilute hydrofluoric acid 
is treated with a hydrofluoric acid solution of ferrous hydroxide. 

2A1(0H)3 + 2Fe(OH)2 + 5H2F2 + 4H2O 

-^2(AlF3*FeF2-7H20) 

Weinland and Koppen, Z. anorg. Chem., 22, 266 (1899) 

Ref., J. Chem. Soc. (London), 78, 144 (1900) 26 


A1(0H)3 

Fe2(S04)3 1-446 

Freshly prepared aluminum hydroxide precipitates all the iron from a ■ 
moderately concentrated solution of ferric sulfate in the cold or hot. 

2A1(0H)3 -f- Fe2(S04)3 ^ Al2(S04)3 + 2Fe(OH)3 


Schneider, Ber., 23, 1349 (1890) 


26 


HCNS + KCNS 


A1(0H)3 


1-447 


Potassium aluminum thiocyanate is made when thiocyanic acid is 
added to freshly precipitated aluminum hydroxide and then potassium 
thiocyanate added. 

AI(0II)3 -f 3HCNS + 3KCNS + H 2 O ^ K3.\1(CNS)6.4H20 

J. Rosier, Ann., 141, 185 (1867) 

Ref., Rosenheim and Cohn, Ber., 33, 1111 (1900) 


25 
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HCl 


A1(0H)3 


1-448 


A mixtuie of materials containing aluminum hydroxide was dissolved 
in hydiochloiic acid, thus fonning aluminum chloi'ide. 

Al(OH), + 3IIC1 AICI 3 + ( 3 H 3 O) 

Charles Hatchett, Trans. Roy. Soc. (London), 88, 117 (1898) 


48 


HCl 


A1(0H)3 


J a^ t c was dissolved in hydrochloric acid. 

Al((jH )3 -h 3IIC1 AICI 3 4- ( 3 II 2 O) 
J. W. Mallette, Trans. Roy. Soc. (London), 171, 1003 (1881) 


1-449 


W5 


HF 


A1(0H)3 


1-460 


Pure aluminum hj'clroxide, containing a known percentage of AI2O3, is 
dissolved in 37% h\'drogen fluoride, \ised in slight excess. The solu- 
tion is filtered through a platinum cone and is evaporated on a steam 
bath. The crystalline fluoride is repeatedly washed with water. 


(A1(()I1)3 + 3IIF^ A1F3-3ILO) 

A. V. Novoselova, J. Gen. Chein. (USSR), 10, lolT (1940) 



H 3 PO 4 


A1(()H)3 


1-461 


Aluminum phosj)hate is obtained as a eiystalline powder when aluminum 
hydroxide and phosphoric acid are lieated together to 2()0®(’. 


AI(0H)3 + IlaPO. -> AlPO^ + ( 3 H 2 O) 

A. Schulten, Coinj)t. rend., 98, 158^1 

Ref., Her., 17, 408 (1884) es 


H 2 SO 4 


.M(on)3 


1-462 


The mineral hydrargyllite, wliicli is e.ssentially aluminum hydroxide, 
was found to dissolve in sulfuric acid, forming aluminum sulfate. 

2Al(()II)3 4- 3ILS()., -> Ab(SOd3 + (OILO) 

Humphry Davy, Trans. Roy. Soc., (London), 96, 156 (1805) 


106 
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A1(0H)3 

HoSO^ 1-463 

Colorless needles are formed when aluminum hydroxide is boiled with 
sulfuric acid previously diluted with its own weight of water when the 
concentration of the acid reaches 75%. 

2A1(0H)3 + 4H2S04^ A1203-4S03-4H20 + {SH.O) 

Baud, Compt. rend., 137 , 492 (1903) 

Ref., J. Chem. Soc. (London), 88, 37 (1904) 


A1(0H)3 

' H 2 SO 4 1-464 

Sulfuric acid dissolves aluminum hydroxide and forms aluminum sulfate. 

3 H 2 SO 4 + 2A1(0H)3-> Al 2 (S 04)3 + ( 6 H 2 O) 

Charles Hatchett, Trans. Roy. Soc. (London), 88, 117 (1898) 10$ 


AI(0H)3 

H 2 SO 4 1-466 

(NH4)2S04 

.\luminum hydroxide was dissolved in sulfuric acid, and to this solu- 
tion an equimolecular solution of ammonium sulfate added. This 
.solution was evaporated and then cooled. Crystals of ammonium 
alum sojiaratcd. 

(a) 2A1(()H)3 + 3 II 2 SO 1 Al.CSOds + (GILO) 

(b) Al2(S04)3 -h (NH4)2S04 + 24 H 2 O (NH4)2Al2(S04)4-24H2() 

J. W. Mallette, Trans. Roy. Soc. (London), 171, 1003-35 (1881) t0$ 


A1(0H)3 

K 2 C 2 O 4 1^66 

Na2C204 

(NH4)2Co04 

To a known amount of oxalic acid solution wliich has been saturated 
with ahimimim hydroxide at 100°, potassium oxalate is added until the 
ratio 3 : 1 has been reached. White crystals are formed. The same type 
reaction occurs with sodium oxalate and ammonium oxalate. 

(a) 4Al({)n)3 + GIL(\>0, + 2K.>CV), -h GILO 

(I:^))2*(Al203)2-8C203*l5H20 

(b) (511(011)3 + GH 2 C 2 O 4 + 2Na2C204 + GH.O 

^ (Na 2Q)2 ■ ( Al203)3 ■ (C203)8 ■ 2 IH 2 Q 

(c) 2A1(0U)3 + 3 H 2 C 2 O 4 + (NH 4 ) 2 C 204 

^ ( NH4)2Q • AI 2 O 3 -dCAQa ■ 5 H 2 Q -h H 2 O 

A. Rosenhoiin, Z. anorg. Chem., 11, 175 (1896) 
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KHC2O4 
NaHC 204 
NH4HC2O4 

lo a concentrated solution of potassium hydrogen oxalate which has 
been satuiated with aluminum hydroxide at 100° potassium hydroxide 
is added in the ratio 5. 1 (oxalate: hydroxide). White crystals are ob- 
tained. “Ihe same type reactionoccurs with sodium hydrogen oxalate 
and sodium hydroxide and with ammonium hydroxide and ammonium 
hydrogen oxalate. 

(a) 2A1(0H)3 -b 5 KHC 2 O 4 + KOI I 

^ ( 1 x 20)2 •Ab03-(C.>03)4 -31120 + K 2 C 2 O 4 + 3 H 2 O 

(b) 2A1(0H)3 + 5 XaHC 204 + XaOH 

> \(i->C’204 + (Na20)2 ■ AI 2 O 3 • (C>03)4 ■ 0H.>O 

(c) 2A1(0H)3 -b 5X114110204 + XH 4 OII 

(XH4)2C20., + 4 H 2 O + [(XH4)20)2-Al203-(C2()3)4-21l20 
A. Rosenheim, Z. unorg. Chem., 11, 175 (1896) 28 


Al(OH) 


1-467 


A1(0H)3 


KHF. 


1-458 


Freshly precipitated aluminum hydroxide when treated with an atpie- 
ous solution of potassium acid fluoride and heated to boiling for 15 
minutes forms a gelatinous precipitate of potassium hexafluoaluminatc*. 

(A1(0II)3 H- 3KIIF2-^ IvvVlFf. + 3 II 2 O) 

Carter, Iiid. I’hig. Cliorn,, 22, 888 (1080) 




KOH 


.\1(0II)3 


1-469 


The mineral hydrargyllite, wliicli is essentially aluminum liydroxidc, 
was found to dissolve in potassium hydro\id(‘ solution, forming ])otas- 
sium aluminate. 

A1(0II)3 -b KOH -> KAIO-. + (211,, O) 


Humphry Davy, Trans. Roy. S<)<-. 


(I.nndon), 96, l.")6 (1805) 


JOf} 
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A1 (011)3 

L 12 CO 3 -|- HF 1-460 

When a mixture of lithium carbonate and aluminum hydroxide is 
treated with hydrofluoric acid and digested for several hours, lithium 
hexafluoaluminate is produced, 

(2A1(0H)3 + SLhCOa + 12HF 2Li3AlF6 + OHaO + SCOz) 

Carter, Ind. Eng. Chem., 22, 888 (1930) 2 ^ 


A1(0H)3 

(NH4)2F2 1-461 

Aluminum fluoride is formed when aluminum hydroxide reacts with 
ammonium fluoride. 

2AI(0H)3 -t- 3(NH4)2F2 ^ 2AIF3 + 6NH4OH 

Henrichsen, Ber., 40, 1498 (1907) 

Ref., Z. anorg. Chem., 68 . 83 (1908) 25 


A1(0H)3 

{NH4)2F2 1-462 

Muminum hydroxide will dissolve in a hot concentrated solution of 
ammonium fluoride yielding white ciystals after the evaporation of the 
excess water. 

2M(0H)3 -h 6(NH4)2F2 A12F6-GNH4F + 6NH3 + 6H2O 
H. V. Helmholt, Z. anorg. Chem., 3, 115 (1893) 25 


A1(0H)3 

NH4HF2 1^63 

When aluminum hydroxide is treated with ammonium hydrogen 
fluorido, and the mixture heated to boiling for 15 minutes a fine white 
precipitate of ammonium hexafluoaluminate is fonned. 

(A1(0H)3 -h 3NH4FIIF ^ (NHdaAlFe + 3H2O) 

Carter, Iiid. Eng. Chem., 22 . 888 (1930) 
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NaOH 


A1(0H)3 


Aluminum hydroxide is dissolved by NaOH 
metaluminate. 


1-464 

solution, forming the 


A1(0H)3 + NaOH ^ NaAlOa + 2 H 2 O 

J. K. Wood, J. Chem. Soc., (London), 93. 419 (1908) 


AI(0H)3 

Na2S 

C 

s 

Sodium thioaluminate is obtained when a mixture of aluminum hydrox- 
ide and sodium sulfide is heated in the presence of powdered carbon 
and sulfur. 

2A1(0H)3 + 3Na2S + 3S + 3C 2Xa3AlS3 + (3CO + 3 H 2 O) 

A. Bucherer, D. II. P. 63995 

Ref., Ber., 26, 25 (1893) 0.5 


A1(0H)3 

NiCOa + H 2 F 2 1-466 

Aluminum nickel fluoride separates as green crystals when a dilute 
hydrofluoric acid solution of aluminum hydroxide is treated with a 
hydrofluoric acid solution of nickel carbonate. 

2A1(0H)3 4- 2NiC03 + 5 II 2 F 2 4 OILO 

2(AlF3-XiF2-7Il2()) 4 (2C()..) 

Weinliind jind Kdppcn, Z. ;inorK. Chem., 22, 200 (1899) 

Ilcf., J. Cljoin. Soc. (l^otidon), 78, lU (1000) 2i} 


Ni(OH)2 4 H 2 F 2 


Al(OlI)3 


1-467 


Aluminum nickel fluoride separates as green crystals wlien a diluU? 
hydrofluoric acid solution of aluminum hydroxide is treated with a 
hydrofluoric acid solution of nickel hj'droxido. 


2A1(0II)3 -f 2Xi(()II)2 4 oIUF,. 4 IH-/) ^ 2(AlF3-XiF2*7ir.()) 

Weinland and Kuppen, Z. aiioif;. Cliein., 22, 200 (1899) 

Ref., .1. Chem. Soc. (I.ondon), 78, 144 (19(X)) 25 
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A1(0H)3 

ZnCOs + H2F2 

Aluminum zinc fluoride separates as colorless crystals when a hydro- 
fluoric acid solution of aluminum hydroxide is treated with a hydro- 
fluoric acid solution of zinc carbonate and allowed to evaporate over 
lime at ordinary temperature. 

2A1(0H)3 -F 2ZnC03 + SHaF, + GHoO 

(2CO2) H- 2(AlF3ZnF2*7H20) 

Weinland and Kdppen, Z. anorg. Chem., 22, 266 (1899) 

Ref., J. Chem. Soc. (London), 78, 144 (1900) 26 


A1(0H)3 

Zn(OH)2 + H2F2 1 

Aluminum zinc fluoride separates as colorless crystals when a hydro- 
fluoric acid solution of aluminum hydroxide is treated with a hydro- 
fluoiic acid solution of zinc hydroxide and allowed to evaporate over lime 
at ordinal*)^ temperature. 

2A1(0H)3 -h 2Zn(OH)2 + SHgFa + 4 H 2 O 2(AlF3*ZnF2-7H20) 

Weinland and Koppen, Z. anorg. Chem., 22, 266 (1899) 

Ref., J. Chem. Soc., (London), 78, 144 (1900) 



A1(0H)3 


1-470 

The mineral hydrargyllite, which is essentially Al(OH)3, lost 20.2% on 
ignition. 


2A1((4H)3 > AI 2 O 3 + 3 H 2 () 
Humphry ]:)avy, Trans. Roy. Soc. (London), 95, 158 (1805) 



K2C2O4 


Al(()H) (C2ll3()2)l. 


1-471 


A .solution of basic aluminum acetate is rentlered alkaline by pota.ssium 
oxalate. 

A1(0H) (C2H302)2 4- 3K2C204 


^ K3A1(C204)3 + 2KC2H3O2 + KOH 

Feigl and Krauss. Her., 68B, 398 (1925) 

Ucf.. Thomas and Tai: J, Am. Chem. Soc., 54, 852 (1932) 
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KOH 


A1(0H)3-C406H6 


1-472 


The neutralization curve of the aluminatartaric acid complex with 

potassium hydroxide shows the existence of a complex, which is stable 
in weakly basic solution: 

(2KOH -f- A1(0H)3 C406H6“^ A1(0II)3 C406H6-2K0H) 

Yeu Ki Heng, J. Chim. phys., 33. 356 (1936) 


AbOs-SiO^ 

1-473 

Pure kaynite softens at about 1810°C, and when heated above 1810°C 
it decomposes into mullite. This decomposition is accompanied by an 
expansion corresponding to a specific gravity decrease from 3.5 to 2.9. 

SAbOa-SiO. -> (Ab()3)3-2Si02 + SiOs 

G. R. Pole and D. Moore, Bull. Am. Ceram. Soc., 17, 355 (1938) 85 


AbOg -28102 

BaCOg 1-474 

Barium carbonate reacts in the melt witli alumino silicate (in the pres- 
ence of calcium carbonate) to form three barium aluminates, namely 

BaO-AbOg, (Ha0)2 Ab 03 , and (Ba())3 Ab 03 . 


Ab0g-2Si02 + BaCOg + iCaCOg 

^ BaO-Al.Og + 2((CaO)2-Si02) -f SCO. 


V. Gerber, Z. KIcktrochem., 26, 203 (1919) 




.\b0(S04)2 


1-476 


Potassium hexafluoalumiiiate is preeij)itat(“d wiien a solution of alumi- 
num oxysulfate is treated with i)otassium fluoride in solution in presence 
of a base and j)henolplitlialein. 

Ab0(804)2 + bK.Fj + ILO 2K3A11'6 + 2KOII + 2 K 0 SO 4 


T. Craig, J. Soo. Chem. Ind., 30, 181 (1911) 

Ref., Z. anal. Chem., 52, 117 (1913) >5 
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AlP 

H2O j^7e 

Phosphine is e\'oIvcd and aluminum hydroxide is foimed when alumi- 
num phosphide reacts with water. 

2AIP + (iHoO 2PH3 + 2A1^H)3 

L. Franck: Z. anal. Chcm., 37, 173 (1898) 25 


A!4(P20;)3 

Na^PsO; 1-477 

When aluminum pyrophosphate is addeil to a sodium pyrophosphate 
solution as long as it will dissolve, the resulting solution yields after 
some time wart-like groups of microscopic prisms of the double pyro- 
phosphate of aluminum and sotlium containing thirty molecules of 
water of hvdration. 


AIiCPzOtXt + 2Na.,P2()7 + SOHsO Al4(P20;)j. (Xa4P2O7)2-30H2O 

C. N. Pahl. K. Sv. Vet. Akad. Handl. Ofvers., 30, Xo. 7, 31 (1873) 10 


HCl 



Aluminum monosulfide yields hydrogen when treated 
chloric acid. 


1-478 

with hydro- 


2A1S -f GHCl -* 2AICI3 + 2H2S -f- H. 

Hiltz and C’aspari, Z. anorg. Chem.. 71, 182 (1911) 

Hof., C. H. Dosch, J. Chem. Soc., (London), 100, 805 (1911) 


HoO 




1-479 


W hen water is allowed to drop steadily upon aluminum sulfide in an US 
generator a slow steady stream of acid vapor-free gas is obtained. The 
reaction stops whim tlu' How of watei- is discontinued. 

ALS, -f ()1I4)-.3II.>S + {2\\{OUh) 

I'onzes and II. Dt'acon. Hnll. Soc. Cliini., 1, 30 (1907) 


5/ 
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A1,S 


2‘^3 


1-480 


Aluminum sulfide slag is decomposed when treated with water to form 
aluminum hydroxide and hydrogen sulfide. 


A1>S3 H- GH 2 O ^ 2A1(0H)3 4- 3 H 2 S 

T. R. Haglund, Ind. Kng. Chem., 18. 67 (1926) 

Ref., O. Schumann, Ann., 187, 286 (1877) 


HoO 



Dialuminum trisulfide is decomposed hy water, aluminum 
obtained. 


1-481 

oxide is 


AI2S3 -f 31120 -> \Uh -{- 31128 

W. Hiltz and F. Caspari, Z. anorg. (Micin., 71, 182 (1911) 



AI2S3 

MnS I_4Q2 

FeS 

Aluminum sulfide reacts with botli manganese sulfide and ferrous svdfidc' 
at very high temperatures. Urvstalline deposits are formed. 

(a) AI 2 S 3 -f- MnS — > MnAl 2 S 4 

(b) .VI 2 S 3 + I'(‘S -> UeAl 2 .S 4 
M. Houdurd, Coinpt. Rend., 144 , 801 15, 1 (1907) 

Ref., R. Marquis, Hull. Soe. C'hiin., (4), 1, K43 (1907) 5/ 
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Aluminum monosulfid< 
2100V. 


is forme<l wlien aluminum sulfide^ is lieated to 



-> 2.MS + (S) 


Hiltz and Caspar!, Z. anorg. Cheni., 71, 1S2 (1911) 
Ref., C. II. Deseh, ,1. Cluan. Soc. (l/on<lon), 100, SOI 


(1911) 




132 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


AL(S04)3 

AI 2 O 3 1-484 

Basic aluminum sulfate is fonned when aluminum oxide is dissolved in 
a solution of aluminum sulfate. 

2Al2(S04)3 -|- AI2O3 — > 3Al203(S03)2 

W. C. Ferguson, J. Am. Chem. Soc., 16, 154 (1894) 1 


AhCSOOa 

Ba(C103)2 1-486 

Aluminum chlorate is fonned by the interaction of aluminum sulfate 
and barium chlorate. 

Al2(S04)3 + 3Ba(C103)2^ 2A1(C103)3 + (3BaS04) 

Dobroserdoff, J. Russ. Phys. Chem. Soc., 36, 468 (1904) 

Ref., J. Chem. Soc. (London), 86, 564 (1904) 26 


Al2(S04)3 

BaPt(N02)4 I_486 

A\hen solutions of barium platino-nitrite and aluminum sulfate are 
mixed and the barium sulfate filtered off, the filtrate yields on evapora- 
tion under reduced pressure and over sulfuric acid, large, colorless or 
pale yellow, cubical crystals of hydrated aluminum platino-nitrite. 
Similar methods yield somewhat similar salts of Cr, Fc^, In, Y, Er, Ce, 

La, and Nd. 

3Ba(N02)4'Pt -|- Al2(S04)3 H- I 4 H 2 O 

3BaSQ4 + Al2Pt3(N02)i2-14H20 

L. F. Nilson, K. Sv. Vet. Ak. Handl. Ofvers., 33, No. 7, 28-30 (1876) 10 

Al2(S04)3 

CgHiiCOsNa 1^7 

H2S 

22.70 g. naphthenic acid neutralized by 4.2 g. NaOH in 30 cc water is 
treated with 14.5 g. Al2(S04)3 in 190 cc H2O. Aluminum naphthenate 
is removed, dried, and dissolved in ligroin (sp. gr., 0.72). The solu- 
tion is lefluxed and treated with ILS for 2 hrs. to yield a dark brown 
precipitate of aluminum sulfide. 

(a) GCell.iCO.Xa + AUCSOj), 3Xa2S04 + 2Al(C6HuC02)3 

(b) (2A1(C6 HuC 02)3 + SFLS AI2S3 + GCeHuCOOH) 

S. M. Weller, J. Gen. Chem. (USSR), 7, 1819 (1937) 60 
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AUCSOi), 

(C2H302)2Ba j 

Barium sulfate precipitates when concentrated solutions of aluminum 

sulfate and barium acetate are mixed, after shaking, stirring and diluting 
with water. 


Al2(S04)3 + 3(C2H302)2Ba 3BaS04 + 2 (C 2 H 302 ) 3 A 1 

Sacher, Chem. Zeit, 36, 1447 (1911) 

Ref., J. Chem. Soc. (London), 102, 161 (1912) 


Ai2(S(:>4)3 

C2H302Na j 

A basic aluminum acetate fomis when concentrated solutions of alumi- 
num sulfate and sodium acetate react. 


AhCSOOa + GCoHjOzXa + 21120 

3NaoS()4 + (C2ll302)4Al2(0H)2 + (2HC2II3O2) 

G. Athenstadt, I). U. P. 2.3444 
Ref., Ber., 16. 2327 (1883) 


Ai2(S()4)3 

(C2H302)2Pb 1-490 

Aluminum acetate is formed when concentrated solutions of lead acetate 
and aluminum sulfate are mixed. 

Al2(S04)3 + 3(C2ll302)2PI> 2(C^I I302)3A1 + (3in)S()4) 

Walter Crum, .\nn., 89, 158 (1854) ^5 


cs 


Al2(S04)3 

Anhydrous aluminum sulfate is heated in a retort to dark red, then car 
bon disulfide led in. After cooling, tlie sulfur is .separatf'd from the i-e 
suiting aluminum .sulfide. 

AUfSOOa + (IC'S. AI 3 S 3 4 - ( 1(’02 + 12 s 

D. A. Peniakoff, Germ. Pat. 707S1, Z. angew. Chem., 8, 111 (1895) 


1-491 


S4 



134 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


Al2(S04)3 

CaCNz 1-492 

H.O 

Calcium cyanamide reacts with a solution of aluminum sulfate. 

3 CaCN 2 + ALCSOOa + 6H2O ^ 3 CaS 04 + 3H2CN2 + 2 A 1 ( 0 H )3 

Caro, et al., Z. Angew, Chem., 23 , 2405 (1910) 25 


ALCSOds 

CaF. 1-493 

Aluminum fluoride is formed when aluminum sulfate is warmed with 
calcium fluoride, and the resulting solution treated with cryolite. 

(a) Al2(S04)3 + 2CaF2 Al2F4S(J4 + 2CaS04 

(b) 3AI2F4SO4 + 2Na3AIFc 8AIF3 -f- 3Na2S04 

L. Grabau, D. U. P. 48535 

Ref., Ber., 22 , 781 (1889) 26 


Al 2 (804)3 

CaFs 1-494 

An aqueous solution of aluminum sulfate undergoes double decomposi- 
tion with calcium fluoride. 

Al2(S04)3 4 " BCaFa — > 2AIF3 3CaS04 

Ch. Friedel, 

Ref., Henninger, Ber., 7, 265 (1874) // 


Al2(S04)3 

CaFs 1-496 

Fluorspar is attacked by a solution of aluminum sulfate forming calcium 
sulfate and aluminum fluosulfate. 

2 CaF 2 + Al..(80.,).i ^ 2Ca80^ + (AlFvS ()4 + AIF 3 ) 

Friedel, 

Ref., A. Uenninger, Ber., 7, 1446 (1874) 
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Ca(OH)o 


AUCSO,) 


1-496 


Interaction ot aluminum sullate and saturated lime water gives first a 

flocculent precipitate eharaeteristie of aluminum hydroxid... This 

slowly changes to crystals and after standing six months a mieroseopie 

examination showed the eiystals to he almost entirely calcium sulfo- 
iiluminato. 

()Ca(OH)o -h Alo(S(h)3 + 2511,;U-» (t'aO)aAl..()3(CaSth)3-31Il,() 

Lerch, Ashton and Boguc, B. S. J. lies., 2, 271 (1929) 


9 


FeSO^ 


Al2(S()4)3 


1-497 


mg a 


Mix .saturated solutions ol lerrous sullatc and aluniinuin suliate, lu 
silk bag fontaining a mixture ol these salts in powder iorin into tlu* so- 
lution and shake until the solution nearly “Ireezes”. Take th(‘ bag 
out, add a lew drops ol water and reerystallize. 'I'his doubh' salt can- 
not be made Irom the two saturated .solutions only. 

FeS()4-7IU) + AI.>(S()4)3- 1811,0 -> FeSth-AbCSOda ^dlloO + WA) 

V. Wirtli, Z. angow. Choni. 26, SI (1913) 


3.; 


H 


Vb(S04)3 


1-498 


Aluminum oxide is formed when aluminum sulfate is heated to a high 
temperature with hydrogen. 

AlaCSOda + 311, .\l,03 + .311,0 -|- 3SO, 

Otto Schumatoj. .\nn., 187, 30.") (1S77) 


25 


.\I,(S( ).])3 

HCl 1.499 

Aluminum chlorosulfate is formed wlnai aluminum sulfate solution is 
treated with concentrat('d hydrochloric acid. 

Al2(S04)3 + 211(1 T (i!I,0 2A1S0,(1()JI,0 -h (H 2 SO 4 ) 

Heconra, C'oinpt. rend., 135, 739 (1902) 

Uef., .1. Mct'rae, .1. (1ieni. Soe.. 84. 79 {I903i 
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Al2(S04)3 

H2O 1-600 

Aluminum sulfate hydrolyzes with water giving first a basic aluminum 
sulfate and finally aluminum hydroxide. Sulfuric acid is the other 
product; therefore the solution is acid. 

(a) -^12(804)3 + 4H2O ^ Al2S04(0H)4 + 2H2SO4 

(b) Al2(S04)3 + 6H2O ^ 2AI(0H)3 + 3H2SO4 

C. Kullgren, Sv. Kem. Tidskr., 13, 111 (1901) 10 


Al 2 (S 04)3 

HoO 1-601 

In molar volumes from 4 to 64 the following hydrolysis reaction takes 
place at 25 °. 

Al2(S04)3 + 2H2O — > Al2(S04)2(0H)2 + H2SO4 

H. G. Denham, J. Chem. Soc. (London), 93, 58 (1908) 57 


Al 2 (S 04)3 

HPO3 1-602 

Aluminum metaphosphate is formed when diy aluminum sulfate is 
dropped into metaphosphoric acid which has been heated to redness 
in a platinum dish, 

Al2(S04)3 -b 6HPO3 AbOa-SPsOfi + 3H2SO4 
Madrell, Ann., 61, 53 (1847) / 


M(S 04)3 

HPO 3 1.603 

Aluminum sulfate dissolves in metaphosphoric acid. Upon diying 
sulfuiic acid fumes go off; the anhydrous aluminum metaphosphate 
separates with difficulty as a fine-grained, white powder consisting of 
very small, not well-formed crystals, 

A 1 o(S() 4)3 H- 6HPO3 ^ (Al 2 (P 03 ) 6 ) + 3H2SO4 

K. U. Johnson. K. Sv. \ ct. Ak. Handl. Bihang., 14, II, No. 1,9 (1888) 10 
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H 2 SO 


Al2(S04)8 


Acid aluminum sulfate is prepared by adding aluminum sulfate to cold 
concentrated sulfuric acid and wanning. 

Al2(S04)3 + 3 H 2 SO 4 + 7 H 2 O - 
Silberberger, Monatsh., 26. 220 (1904) 

Ref., J. Chem. Soc. (London), 86, 342 (1904) 


1-604 


Al2(S04H)6-7H20 


S6 


K 2 CO 3 

H 2 F 2 


Al2(S04)3 


1-606 


The large scale production of potassium hexafluoaluminatc is accom- 
plished by dissolving aluminum sulfate in water, adding potassium car- 
bonate and commercial hydrofluoric acid. The reacting mixture is held 
at the boiling point for 20-30 minutes. The gelatinous precipitate is 
dried to a fine white powder, giving as high as 90% yield, (a). Similar 
results are obtained when IlaSiFe is used instead of H.Fj, (b). 

(a) AIjCSOiIj-ISHjO -f OK.Cfb + 12IIF 

2 K 3 AIF 6 -f SKoSO, -i- 241 lit) 4- (iCO, 

(b) AljCSOjls lSHafJ + OKsCOa -f 2H2SiF6 

^ 2 K 3 AIF 6 -f 2Si()2 + SK^Sfb -t- 2()II.,() -h (iCO. 
Carter, Ind. Eng. Chem., 22, 889 (1930) 


KH(As02)2 


*Vl2(S04) 


1-606 


An aluminum arsenite forms when a saturated solution of aluminum 
sulfate reacts with potassium hydrogen metarsenit(‘. 


2KH(As 02)2 + Al2(S04)3 -h II 2 O 

> K2SO4 + AS2O3 + 2 H 2 S (-)4 + 2AIASO3 

Reichard, Her., 27, 1019 (1894) 


Al2(S04)3 

KI + KIO 3 1-607 

Aluminum sulfate reacts with potassium iodide and iodatc, liberating 
free iodine. 

Al2(S04)3 + SKI + K1(43 + 3 II 2 O ^ 2AI(011)3 + 3K2S()4 + ‘M, 

Glaamann, J. Uuss. Phys. Chem. Geo., 36, 314 
Ref., Stock, Compt. rend., 130, 175 (1914) 

Ref., J. Am. Chem. Soc., 27, 1358 (1905) / 
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AL(S04)3 

KOH + SiF^ 1-608 

When pota,ssium hexafluoaluminatc is prepared by reacting aluminum 
sulfate with potassium hydroxide and silicon tetrafluoride, the ratio of 
silica and aluminate is 3 : 2 making a very light powder. 

AlKSOOa-lSHsO + 12KOH + 3SiF4 

2 KvV 1 F 6 + SSiOa + 24H2O + 3K2SO4 

Carter, Ind. Eng. Chem., 22, 889 (1930) 24- 

AI2 (804)3 

K 2 SO 4 1-609 

When saturated solutions of aluminum sulfate and potassium sulfate 
are mixed in varying proportions at 25°, a solid phase, partly consisting 
of ciystalline alum separates out. 

The quantity of alum formed varies with the relative concentrations of 
the reagents and with the temperature. 

(.Vl2(S()4)3 4" 1x2804 + 24II2O — » 2KA1(804)2- 12H2(4) 

Hubert T. S. Hrittnn, .1. Chem. Soe., 121, !)S3 (1922) JfS 


K2SO4 


AI>(804)3 


1-610 


A solution of aluminum sulfate was mixed witli a solution of potassium 
sulfate and the mixture allowed to evaporate. Alum was formed. 


KoSOj + A1>(S()4 ).t + 241120 — > K2.\1>(8(J4)4 • 24 H 2 O 
Charles Hatchett, Trans. Hoy. Soc. (London). 88, 117 (1898) 


105 


Al2(804)3 

MgCL 1-511 

Aluminum oxide and magnesium .sulfate are formed when a solution of 
magnesium chloride* and ahiminum sulfate is evaporated. 

Al2(SO,)3 + 3MgCl2 4- 3IL() AU), + 3MgS04 + OHCl 

G. Hosenthai, I). U. P. 31357 

Ref., Her., 18 , 350 (1885) ^5 
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MgNHJ>0 


Al2(S04), 


1-612 


Aluminum phosphate is formed when aluminum sulfate is hoiled with 
an excess of moist magnesium ammonium phosphate. 

Al2(SO.,)3 + 2.MgXIl4l>04 2 AIPO 4 + 2 .MgS 04 + (XH,) 2 S 04 

E. Erlenmeyor ami O. Lewiiistein, Jahro.sl>(.r. ,1. Chainic (1860), i). 638 
Ref., Z. anal. Chem., 29, 73 (1800) * 


25 


MnS 


Al2(.»U4)3 


1-613 


A double suHid(‘ is obtained when aluminum sulfate and manganous 
sulfide arc heated together in as dry conditions as possible. 


Al 2 (S(b )3 0Mn*S ^ AIjS3-3MnS + 3Mn8()4 

Peniakoff, D. U. P. 80523 (1S'J3J 
Ref., Ber., 29, 447 (1896) 


MnS + S 


Al2(S04)3 


1-614 


A double .sulfide is obtained when aluminum sulfate and manganous 
sulfide are heated together in the presence of sulfur in as dry conditions 
as possilde. 



•j(S 04).3 “H 3MnS + fiS — > Al2S.r3MnS -f- OSOj 


PeniakofT, D. R. P. 8652:} (1893) 
Rgf., Bor., 29, 447 (1896) 



NH.OH 


A1.>(S()4)3 


1-616 


Aluminum hydroxide can be prepared by the action of ammonium hy- 
droxide on a solution of pun* aluminum .sulfate. 

(Ab(S()d.-. -f- (iXIbOll 2A1(()I1)3 4- 3(XH4)2S(>4) 

* % 

Slianli, iS. Blial riagar, .1. (’Iioin. Soc. iLrmiluti), 119, I7()2 (1921; 
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Al2(S04)8 

(NH4)3P04 + H2SO4 ] 

When 6 moles of aluminum sulfate are heated with 2 moles of am- 
monium phosphate and some sulfuric acid, an acid aluminum phosphate 
is formed. 

(2AL(S04)3 + 6(NH4)3P04 + 3H3SO4 + I7H3O 

-> 2AI2O3 • 3P2O6 • 2OH2O -I- 9(NH4)2S04) 

Minot, 

Ref.: A. Henninger, Ber., 67, 1447 (1874) 


Na3As04 


Al2(S04)3 


Aluminum arsenate is formed when aluminum sulfate reacts with 
dium arsenate at 200°C. 


1-617 

so- 


Al2(S04)3 + 2Na3As04 2 AlAs 04 + ( 3 Na 2 S 04 ) 

Coloriano, Compt. rend., 103. 273 
Ref., Ber., 19, 660 (1886) 


NaB02 


Al2(S04)3 


1-618 


When an aluminum sulfate solution is treated with sodium metaborate a 
precipitate of aluminum hydroxide is formed. 

(a) Al2(S04)3 + GNaBOo -> 2A1(B02)3 -h SNa^SOi 

(b) A1(B02)3 + 3H2O -» A1(0H)3 -i- 3HBO2 

Carl Jehn, Ber., 7, 675 (1874) 


Al2(S04)3 

Na2B407*H20 j 

An unstable aluminum hydrometaborate, which decomposes into 
aluminum hydroxide and boron oxide, is precipitated when a solution 
of aluminum sulfate is treated with borax. 

(a) Al2(S04)3 + 3Xa2B407-H20 ^ 3Na2S04 + 2A1H3(B02)6 

2 A1H3(B02)6 2 A1(0H)3 + 6B2O3 

C. Jehn, Ber., 7, 675 (1874) 
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N&2C03 


Al2(S04)3 


1-620 


A basic aluminum carbonate is formed when a solution of aluminum 
sulfate IS treated with a solution of sodium carbonate. 


2Al2(S04)3 + NaoCOa + IIH 2 O 

-> Al 4 (OH)toC 03 H2O + (Na2S04 + 5H2SO4) 

Schlumberger, Bull. Soc. Chim. (3), 13, 41-65 
Ref., Ber., 28, 901 (1895) 


Al2(S04)3 

Na2C406H4 j 

An addition compound is formed in solutions of aluminum sulfate and 
clisodium tartrate as shown l)y the curve of optical rotatory power: 

3Na2C406Tl4 -f- Al2(S()4)3 + 2 II 2 O 

^ 2Al(()II)C4()6ll4 -f C4O6H6 + 3Xa2S04 

J. J.. Delsal, J. Chim. phys., 35, 350 (1938) 


NaCl 


Al2(S04)3 


1-622 


A heavy white powder separates when aluminum sulfate, sodium 
chloride and water arc heated at 13()-14()°C\ for two or three hours. 


Al2(S04)3 + 4NaCl + SILO 

AhOa-SOa-OILO + (2Xa2S04 + 4IIC1) 

C. Bottinger, Ann., 244, 224-227 (1888) 

Ref., Ber., 21, 280 (1888) 


Al2(S04)3 

Na2F2 I_523 

Aluminum fluoride forms when aluminum sulfatc' is added to .sodium 
fluoride. 


Al2(S04)3 + SXa.lL — 2A11'3 + SXa-.SO., 


Peniakoff, D. R. P. 89143 
Ref., Ber.. 29, 1021 (1896) 
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Al2(S04)3 

Na2F2 + C I_524 

Aluminum sulfide is prepared when a mixture of aluminum sulfate, 
sodium fluoride and carbon is heated. 

3Al2(S04)3 + ONa-^Fz + 18C -> ALSs + 4 AIF 3 + GNasS + (I 8 CO 2 ) 

Gruy, Z. angew. Chem., 290 (1894) 

Ref., Ber., 27, 498 (1894) (abstr.) 9 R 


xVlo(S04)3 

NaHCOa 1.526 

Two foam producing solutions, sodium hydrogen carbonate and alumi- 
num sulfate, react with each other to form aluminum hydroxide, sodium 
sulfate and carbon dioxide. 

Al 2 (S 04)3 + GNaHCOa ^ 2 A 1 ( 0 H )3 + 3 Na 2 S 04 + 6 CO 2 
C. K. Swift, Ind. Eng. Chem., 16, 590 (19241 gg 




Na2HP04 


1-626 


Aluminum hydrogen phosphate is formed when a solution of aluminum 
sulfate Ls titrated with N/10 disodium hydrogen orthophosphate in the 
presence of methyl red. 

Al2(S04)3 + 3Na2HP04 -> Al2(HP04)3 + 3Na2S04 
Geliinek and Kuhn, Z. anorg. Chem., 138, 124 (1924) 


26 


Na.O 


Ai2(S04).1 


1-627 


Jhisic aluminum sulfite is precipitated when caustic soda or sodium 
oxide is added to a boiling solution of aluminum sulfate. 

Al2(S04)3 + Na20 — > Al203(S03)2 -f- Na 2 S 04 
W. C. Ferguson, J. .\m. Chem. Soc., 16, 154 (1894) 


I 


Al2(S04)3 

J.g28 

Sodium hydroxide solution added to aluminum sulfate solution precip- 
itates aluminum hydroxide. 

Ab(S()^)3 + GNaOII — 2A1(0H)3 + 3 Xa 2 S 04 


J. K. Wood, .1. Cliem. Soc., (London), 93, 421 (1908) 
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NaOH 


•Vl2(S04) 


" ith sodium hydroxide 

at 100 , with phenolphthalcm as indicator. Aluminum hydroxide and 
sodium sultate are the reaction products. 

(AhCSOi), + (iXaOH 2AU0H)3 + OXacSOd 

Sehmatolla, Bor.. 38, 987 (1905) 

Rof., Hubert T. S. Britton, J. Chcm. Soe., 121: 1, 98.3 (1922) 


1-629 


4S 


NaOH -h C4O5H 


AI,(SOd 


1-630 


An active complex Ls formed in the neutralization of an equimolecular 
solution of aluminum sulfate and malic acid with sodium hydroxide. 

(.\l 2 (SOj), + 2 C. 03 H 6 4- 8Xa()M 

^ 2 Xa.\l( 0 H)C'i 03 H 3 + OXa.SO. + GH.O) 

.1. L. Ucisal, .1. Chim. phy.s., 36, .'iSO (10.38) gg 

Attest 

NaOH d CiOrHo 1-631 

'I'lic neutralization curve of .solutions of aluminum sulfate and tartaric 
acid by sodium hydroxide shows the existence of three complex salts. 

(a) (A1..(S0.)3 -h 2(V)cll6 -h (iXaOll 

2.\l(()Il)(',()oH,-b 3X0,80. 4- 411,0) 

(h) (A1,(S0,)3 + 2(',0,.,11„ 4- SXaOll 

2Xa.\l(011)C,0nlI:, 4 3Xa,SO, -f- 011,0) 

(c) (A1,(S0,)3 + 2(',Odlf, 4 lOXaOll 

- . 2Xa.,Al(()ll)C,()„ll._. 4 3Xa,SO, 4- 8H,0) 


J. L. Delsal, .1. C‘liim. pbys.. 36, 3.50 (193S) 


6‘9 


AI-,(S(),)3 

NaOH -f- C, 0 ..H„ 1.632 

A coinjilcx coinpoiiiHl is Idiincd in solution when u mixture ol' I mole of 
Jiluminum sulfate and (> inoN's of tartaric acid i< neutralized bv sodium 
or i)otassiuni hydroxi<lc. 

{Al2(S().,);t + <iCV»r,Ilf. -b IS 

2NacAl(( .it)till.i )3 + liXa.Stl^ -t- ISlIot)) 

•I. b. Df'Isal. .1. Chini. phys., 36, 350 fl93S) 
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AlaCSOOa 

Na4P207 1-683 

When solutions of aluminum sulfate and of sodium pyrophosphate are 
mixed, there precipitates a slimy mass of aluminum pyrophosphate. 

2Al2(S04)3 + SNa^PzOT Al4(P207)3 + ( 6 Na^S 04 ) 

C. N. Pahl, K. Sv. Vet. Akad. Handl. Ofvers., 30, No. 7, 31 (1873) 10 


Al2(S04)3 

^^28 1.534 

A double sulfide is obtained when aluminum sulfate is heiated with an ■ 
alkaline sulfide in water-free conditions. IVhen sulfur is added to the 
above mixture the reaction is shown in (b). 

(a) Al2CS04)3 + GNazS AbSa-SNazS + 3Na2S04 

(b) Al2(S04)3 + 3Na2S + 6S ^ Al2S3-3Na2S + 6SO2 

Peniakoff, D. R. P. 86523 (1893) 

Ref., Ber., 29, 447 (1896) or 


Na2S03 


Al2(S04)3 


I>636 


Aluminum sulfite remains in solution if a mixture containing molecular 
proportions of aluminum sulfate and sodium sulfite (finely powdered) 
is treated with a little water and cooled. 


Al2(S04)3 "b 3Na2S03 — » Al2(SOs)j -|- 3Na2S04 

G. Manzoni, Gazz. chiin. ital., 14, 360 
Ref., Ber., 18, 99 (1885) 


Al2(S04)3 

Na2S04 1.536 

Sodium alum is formed when neutral solutions of sodium and aluminum 
sulfates are mixed and the solution concentrated to specific gravity 
1.38-1.42 and allowed to cool. 

Al2(S04)3 + Xa2S04 + 24H20-> Na2S64-Al2(S04)3-24H20 
Dumont, (D. R. p. 141670) 

Ref., J. Chem. Soc. (London), 84, 547 (1903) 26 
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Na2Se03 


ALCSOOs 


1-637 


When an excess of aluminum sulfate is precipitated with sodium selenite 
the basic aluminum selenite forms as an amorphous, very voluminous 
powder which becomes heavy on washing and drymg. 


4Al2(S04)s + gNajSeOa + SOHjO , 

^ SHzSOi + (Al2(SeOa)3)8 (iVl(OH)3)2 -33(1120) + 9Na,S0. 

L. F. Nilson, Nova Act. Reg. Soc. Sci. Upsal. [3], 9, No. 7,78 (1874) 



Al2(S04)3 


1-638 


Basic aluminum sulfate is precipitated when a solution of the normal 
sulfate is treated with zinc. 


Al2(S04)3 + Zn + ILO ZnS()4 + MgOsCSOa)^ + Ih 
W. C. Ferguson, J. Am. Cliem. iSoc., 16, 154 (1894) 


ZnS 


.\l2(S04)3 


1-639 


Aluminum zinc sulfidc' is ()I>tained when aluminum sulfate and 
sulfide are heated together in as dry conditions as possible, (a). 


zinc 

When 


the above mixture is treated with extra sulfur before heating the reaction 


goes as shown in (b). 


(a) Al2(S()4)3 + tiZnS -> + 3ZnS04 

(b) Al2(S()4)3 + 3ZnS + (iS -> Al2S3-3ZnS + GSOo 

PeniakofT, D. R. I*. 8G523 {1.S93J 
Ref., Her., 29, 447 (189GJ 



.\l2(S( )4)3 


At ()00-7()()°(\ aluminum .sulfate is decomposed into the oxide 

(.M2(S()4).3-> AbOs + 3 SO 3 ) 


Friedrich and Jilickc, Mctallurgic, 7, 323 (1010) 
Ref., G. Marclial, .1. (’him. phys., 22, 325 (1925) 


1-640 
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Cu(N03)2 6 H 2 O 


\h(SO,)r ISU^O 


1-^541 


To a solution of aluminum sulfate a solution of cupric nitrate is added. 
Evaporate to dryness. By heating in a platinum cnicible for 5 hours 
at a temperature of 950° cupric aluminate is obtained. 

(a^ , Al2(S04)3- I8H2O AI2O3 + 3SO3 + I8H2O 

Cu(N 03)2‘6H20 — > CuO + N2O5 + 6H2O 


(c) 


AI2O3 + CuO ^ Cu(AI02)2 


L. Holgersson, Z. anorg. Chem., 204, 378 (1932) 


2 $ 


Na.>CO 


:Vl2(S04)3l8H20 


L542 


If a strong solution of aluminum sulfate is mixed with a strong solution 
of soda ash, the reaction product is a clear solution, which gives promise 
of being very useful in water clarification work. By using sodium 
hydroxide or bicarbonate, a similar .solution is obtained. Sodium hy- 
droxide requires a longer time for solution, however, while tiie lucarbon- 
ato efferve.sces oxce.ssivelv. 

% 

AI-ASth);! - ISIU) + 3Na.C()3— >2.\1(()I03 + .SNa^Sth + 3CO2 -f- ir)H.>f) 

W. C’oxo, Jr., Cliom. Mot. Kng., 29. 279 (1923) 


u 


NesSOj • I0H2O 

K2SO4 

(NH4),.S04 


Al2(S04)3*lGH2() 


1-643 


12 grams hydrated aluminum sulfate and 27 grams hydrated sodium 
sulfate are dissoh ed in 70 cc H.O. 5 cc concentrated H.SO^ is added. 
This .solution i.s concentrated by er aporation and 25 cc concentrated 
IlsSO., again added. The resulting solution is evaporated at a tempera- 
ture of 200°, yielding cry.stals of sodium alum without water of cry.stal- 

lization. The same typo reaction occurs with pota.ssium sulfate and 
munionium .^iilfatc. 

(a) Ab(S( 1(>II..>0 + XiioSO,- lOlLO — > 2Xa.M(S()4)2 + 2 hH 20 

(b) Al.(S(),).v KiHoO -h KoSO., — . 2KA1(S()4)2 + KilLO 

(C) A1.,(S(),)3-1(1II2() -f. (XH4)..S04 2(XH4)A1(S04)2 + I6H2O 

X. Sohischkiti, Z. anorg. Ciicm.. 189, 289 (1930) 
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Ca(HC03)2 


Vl2(S04)3-Al2(S04)2((>H)2 


1-544 


When basic aluminum sulfate is added to water which is temporarily 
hard, the reaction is: 

2Al2(S04).vAlo(S04)2(0H)2 + 0C’a(HC'()3)2 + dHoO 

2 Al 2 (r 03 ) 2 (OH) 2 -Al 2 (S() 4 ) 2 (()H )2 + (iCiiHih + SHoC'Oa 
F. E. Halo, J. Iiid. Eng. Chem., 6, 6;J3 (1914) ^2 


H.O 


Al2(S( >4)3 -XasSt >4 -241120 


1-646 


Sodium alum decomposes in water solution according to the following 
equation : 

Al2(S()4)3Xa>S()4-24lI.>() + dll.O 

-> Al2(S()4):cl8H2(> + XaoSth- lOlbO 

Moussoron and (Jravior, Hull. Soc. ('him., Ml 61, 1384 (1932) ,?/ 

Al2(S().4)3-Xa2S()4 

NaHCOa I_546 

Sodium aluminum sulfate and sodium bicarbonate react in l)akin"' 
powders to produce carl^on dioxid<‘. 

Xa 2 S 04 Al2(S()4)3 + ()XaII(’().3 lXa..S()4 + AblOIOe + (iC’O-, 

U. M. Ladd, Can. Cliem. Met. Eng,. 12, 308 ( 19 ‘ 4 vS) /,5 


H2O 


Al2S(^^ 


1-647 


Pure hydrogen .s(*lenide can be prepared by tlic hydrolysis of aluminum 
selenide. 


Al2Se.3 4- (iIlL*<) - ' 2AI(()11)3 + 'lllaSc 

M. doHlasko, ('him. pliys., 20, 197 (1923) 


//,V 


H2O 


Al2Se:( 

Aluminum selenide is deeumpose<i rea^lily by wal(‘r. 

A!,Se:; b (Hl-,n 2A1(()I1), f HSelE 

•1. Hapish, .1. Phvs. Chmii.. 22. »i!2 {19|S) 


1-648 


So 
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AlaSCa 

Se2Cl2 1.549 

Aluminum selenide is converted into aluminum chloride and selenium 
by selenium monochloride. 

3Se2Cl2 + AhSes — > 2AICI3 + 9 Se 

Lenher and Kao, J. Am. Chem. Soc., 48, 1553 (1926) 1 


(Al2(Se03)3)3* (A1(0H)3)2* (H20)33 

HzSeOs I.55Q 

When the 3 *2133 basic aluminum selenite is digested with selenious 
acid the heptahydrated normal aluminum selenite is formed. 

[Al2(Se03]3)3‘[Al(0H)3]2*(H20)33 + 3H2Se03 ^ 4Al2(Se03)3' (H20)7 + 32 H 2 O 
L. F. Nilson, Nova Act. Reg. Soc. Sci. Upsal. [3], Vol. 9. No. 7, 79 (1874) 10 


[Al2(Se03)3]3 • [A1(0H)3]2 • 33 H 2 O 

SeOz 1.551 

When the 3 . 2.33 basic aluminum selenite is digested with selenium 
dioxide the 1 . 3.2 hydrated aluminum hydrogen selenite is formed as 
first gummy then ciystalline masses. 

[Al2(Se03)3]3*[Al(0H)3]2*33H20 + 15Se02 

4Al2(Se03)3-(H2Se03)3‘(H20)2 + I6H2O 
L.F. Nilson, Nova Act. Reg. Soc. Sci. Upsal. (3], Vol. 9, No. 7, 80 (1874) 10 


Al 2 (Si 03)3 

C 

B2O3 


1-552 


Boron carbide is formed when an arc is passed between carbon electrodes 
which are bound together with a mixture of boric oxide and alumino 
silicate (Method of Moissan). 

6B2O3 + 8 C H- 2Al2(Si03)3 2 B 6 C + (2AI2O3 + 6 SiC + I5O2) 

Tucker and Bliss, J. Am. Chem. Soc., 28, 605 (1906) 


HNO3 


Al 2 (Si 03 ) 3 -1^28103 


By treating Leucite with nitric acid the result will 
nitrate, potassium nitrate, silicon dioxide and water. 


1-663 

be aluminum 


Al2(Si03)3-K2Si03 + 8HN03-> 2A1(N03)3 + 2KNO3 + 4Si02 + 4H2O 

C. Manuelli, Gazz. Chim. Ital., 38 151 (1908) ‘ 


21 
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NaOH + CaO 


AI 2 O 3 • K 2 O • 4Si02 


1-664 


Leucite is decomposed by treatment with sodium hydroxide and quick 
lime or sodium carbonate and lime. 


(a) AlaOa-K.O-dSiOs + 4NaOH + 3CaO 

^ Na20-(Ca0)3-4Si02 + Al203-Na20 + K 2 O + 2 H 2 O 

(b) AlaOs-KsO ^SiOo + 2 Na 2 C 03 + 3Ca(OH)2 

Na20-(Ca0)3 -4Si02 + AbOa-NagO -f K2O + 2CO2 + 3H2O 


Lake, Brit. Pat. No. 17985 

Ref., Cushman and Hubbard, J. Am. Chem. Soc., 30, 794 (1908) 

1 

AUTea 

A1 

1-666 

An aluminum tellurido is formed when dialuminum tritelluride under- 
goes a transfoimation in tlie presence of aluminum at a temperature 
slightly below 551°. 

AbTea 13A1 ^ 3AUTe 


Chikashige and Nose, Mem. Coil. Sri. (Kyoto,) 2, 227 (1917) 
Ref., J. Chem. Soc. (London), 114, 114 (1918) 

25 

(AbTea) 

HCl 

1-666 

Hydrogen telluride is formed when aluminum telluride 
dilute hydrochloric acid. 

reacts with 

AbTes + ()HCn --> (2AlCb) + ^ILTe 


Dennis and Anderson, .J. Am. Clicm. Soc., 36, 890 (1914) 

; 

Ab'lVa 

HCl 

1-667 

AuCb 


IIydrog(‘n telluride, formed by tlie action of dilute hydrochloric acid on 
aluminum telluride, pnM-ipitates gold from auric cliloride solution. 

(a) At/lVa + bIK'l ( 2 .VICI 3 ) 4- SILTe 

(b) dlLTe H" (iAuCIa (l.Vu -f- (ITeC’b + 8IICI -b 

Cb) 

V. Lcnher, J. ,\m. Chem. Soc., 24, 358 (1002) 

/ 
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Al2Te3 



1-558 


Aluminum telluride is energetically decomposed by water or moist air 
\\ith the formation of hydrogen telluride and aluminum oxide. 


AhTea + SH.O SHzTe + AI2O3 

Chikashige and Nose, Mem. Coll. Sci. (Kyoto), 2, 227 (1917) 
Ref., J. Chem. Soc. (London), 114, lU (1918) 


H 2 O 


AUTe, 


1-559 


Aluminum telluride is decomposed readily by water yielding aluminum 
hydroxide and hydrogen telluride. 


AUTes -f- OH 2 O ^ 2A1(0H)3 + STcH. 

J. Papish, J. Phys. Chem., 22, 643 (1918) 


ALTi 

HsSOa 

H 20 


1-560 


Aluminum liydroxide is formed when aluminum titanidc is decomposed 
by dilute sulfuric acid. 

(a) ( 2 Al 3 Ti + I 2 H 2 SO 4 3 Al 2 (S 04)3 + Ti 2 (S 04)3 + I 2 H 2 ) 

(t>) (Al 2 (S 04)3 + OH2O 2A1^H)3 + 3H2SO4) 

(c) Ti 2 (S 04)3 -f OH 2 O ^ 2 Ti(OH )3 -f 3 H 2 SO 4 

Manchot and Richter, Ann. 367, 143 (1907) 


KOH 

H 2 O 



1-561 


Aluminum hydroxide is formed along with the e\ olution of hydrogen 

when aluminum titanide is decomposed by strong potassium hydroxide 
solution. 


(2Al3Ti + IKOIl + 20Ho() 2KYrit)3 + GAKOH), + ISH^) 

-Mancliot and Richter, Aim. 367, 143 (1907) 


S5 
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CVLUon-AlCL 

1-662 

Benzene, added to a solution ol benzoyl ehloride-aluminum chloride in 

puie, d»y carbon bisulfide, substitutes the chlorine of the benzoj'l 

chloride to yield benzophenone-aluniinuin chloride, from which pure 

benzophenone may be obtained. This is known as the FriedeL 
Crafts reaction. 


CeHsCOCl AlClj + CellsCOCells AlCU + IK'l 

J. Boeseken, Rec. trav. cluiu., 19, 21 (lOOO) 


27 


CfiHsC’OCl-AlCb 

C6H5CH3 j_5g3 

The addition ol toluene to a solution of benzoyl chloride-aluminum 

chloride in pure, dry carbon bisulfide results in the formation of methyl 

benzophenone-aluminum chloride. The compound crystallizes when 

the solvent and excess toluene are removed by e\aporation under 

vacuum and the residue permitted to stand in the dark for several (lavs. 

% 

(’on5(’()('lAlC'l.i + CcIIiClIa — ('eHsCOCsTIA'IIvAK'l:, + IK'l 

J. boosckoii, Roc. trav. chim.. 19, 22 (I 0 (X)) ^7 

('cIUCOClAlCb 

CcHbOCH.j 1-664 

The addition of anisol to a solution of Ixaizoyl cliloride-aluminum 

chloride in pure, dry carbon bisulfide results in the formation of methoxy 

benzoph(‘none-aluminum chloride. .Vfter the removal of the solvent bv 

% 

evaporation under vacuum the compound did not crystallize, even aft(*r 
several w(‘eks, until a crystal of metluj.xy benzoj)henone-ahuninum 
chloride (prepared l)y anotlu'r metliod) was added, when crystallization 
occunvd promptly. 

CelLCOC’l AK.'b + CMLOCIL -- + IK’l 

.1. Boo 6 ek(?n, Koc. trav. cliiin.. 19, 22 (HKK)) ^7 


H.O 


(VdioC >(\'.n:.-.\icb 


1-666 


Benzophenone is formed (juanlitatively wlien its addition product with 
ahiminum chloride* reacts with water. 

nn,() -f ('dUCOCnIlr AlCl. CdLCOCrJU + .VlCl.vnll.O 
•J. Boesokon, Koe. trav. clihn., 19. 22 


27 
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CjHfiSOaCl-AiCl, 


« 1-666 

When benzene is added to a solution of benzene sulfonic chloride-alumi- 
num chloride in pure, dry carbon bisulfide, the benzene reacts with 
the chlorine of the aromatic to form a sulfone. The compound may be 
crystallized by removing the solvent by evaporation under vacuum. 

Pure diphenyl sulfone may be obtained by decomposing the complex in 
boiling 80% alcohol, cooling slowly, and allowing it to crystallize. The 
crystals should be washed with alcohol. 

CeH6S02Cl.AlCl3 + CsHe ^ C6H5S02C6Hs-AlCl3 + HCl 

J. Boeseken, Rec. trav. chim., 19, 25 (1900) £7 


CeHeSOaCl-AlCb 

CeH^CHs ] 

When toluene is added to a solution of benzene sulfonic chloride-alumi- 
num chloride in pure, dry carbon bisulfide, the toluene reacts with the 
chlorine of the aromatic to form a sulfone. The compound may be 
crystallized by removing the solvent by evaporation under vacuum. 
Pure methyl diphenyl sulfone may be obtained by decomposing the 
complex with boUing 80% alcohol, cooling slowly, and allowing it to 
crystallize. The crystals should be washed with alcohol. 

C6H6S02C1-A1CI3 4“ CeHsCHs-^ C6H6S02C6H4-CH3 A1C13 + HCl 

J. Boeseken, Rec. trav. chim., 19, 25 (1900) 


CeHsOCH; 


CsHsSOzCLAlCb 


1-568 


When anisol is added to a solution of benzene sulfonic chloride-alumi- 
num chloride in pure, dry carbon bisulfide, the anisol reacts with the 
chloiine of the aromatic to foim a sulfone. The compound may be 
obtained by removing the solvent by evaporation under vacuum. 
Pure methoxy diphenyl sulfone may be obtained by decomposing the 
complex in boiling 80% alcohol, cooling slowly, and allowmg it to 
crystallize. The crystals should be washed with alcohol. 

CsHaSO^Cl-AlCL + CeH5S02C6H40CH3 MCl3 + HCl 

J. Boeseken, Rec. trav. chim., 19, 26 (1900) 
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COALCU 


1-669 

Metallic calcium i*eacts with phosgeno acid forming the calcium salt 
and carbon monoxide. 

COALCla -f- Ca CaAbCIg + CO 

Germann and Timpany, J. Am. Chem. Soc., 47, 2275 (1925) / 


COAbClg 

Ca 1-670 

CaCla 

Pho.sgeno acid is made l)y dissolving aluminum trichloride in liquid 
phosgene. It has the formula COAUCU, the carbonyl radical of which 
may be replaced bj^ active metals, (a); or the acid may undergo double 
decomposition with salts of active metals, (b). Double salts may aLso 
be formed, (c). 

(a) COAIoCIs + Ca CaAbCU + CO 

(b) (’OAloCU + CaCb ^ CaAbCls + COC'b 

(c) ('a VbCls -f- 2COCb Cii\UX'\^ 2COC\2 

Germann and Timpany, J. Am. Cliem. »Soc., 47, 2275 (1925) 26 



Ca(A10.)2 


1-671 


Calcium mctaluminatc combines slowly' with 
orthoaluminate and aluminum hydroxide. 


water to form calcium 


3Ca(Al02)2 -b (>II-.0 ^ C;a.i(Al03)-> 


+ 4.Vl(01l)3 


b. S. Wells, 


B. S. J. Uos., 


1, 002 (1028) 


9 


CaCb 


(C;a0)3Al-.03 


1-672 


Addition of calcium chlorifh; .solution 
causes the precipitation of sparingly 

crystals. 


to calcium aluminate solutions 
soluble calcium chloraluminat(‘ 


(CaO) 3 Al ><)3 -b (’aClj -b i0H>O-> (C:a()) 3 Ab 03 -CaClr lOIl.O 


b. 8. Wells, li. S. .1. Hcs., 1, um <102.S) 


9 
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(Ca0)3(Al203) 

Ca(OH)2 j 

At pH greater than 12.0 hydrated tetracalcium aluminate is precip- 
itated as a silky precipitate on mixing clear solutions of the reagents. 

(Ca0)3ALO3 + Ca(OH )2 + llH.>()-> (Ca 0 ) 4 Al 203 - 12HoO 
L. S. Wells, B. S. J. Res., 1, 989 (1928) 


(Ca0)3(Al203) 

CaS 04 j 

A solution of calcium aluminate and a saturated solution of calcium 

• sulfate when mixed precipitate the low sulfate foi-m of calcium 
sulfoaluminate. 


(Ca 0 ),(A 1 .. 0 ;.) + C’aSOj + 12Hj() (Ca())3(Al203) • (CaSOj) • I2H2O 

Lerch, Ashton ami Boguc, B. 8. J. Res., 2, 7Zi (1929) 


SCaOAlaOo 


CaSOi 


1-676 


Calcium sulfate in solution enters into reaction nith tricalciuin alum- 
inate to forni a calcium sulfoaluminate. 

3CaSOi -I- (CaOla-AljOs -t- XH.O (Ca0)3 Al 2 C 3 (CaS0j)3-XH20 

B. S. Roller, Iml. Kng. Chein., 26, 672 (1934) 


4 


NaoS04 


(CaO)n(Al 4 Islin 


1-676 


Sodium sulfate solutions added to any of the four anhydrous calcium 

alummates (3:5, 1:1, 5:3, 3:1) react to produce a large increase in the 

volume of the solid phase and form large percentages of calcium sul- 
ioalurninatc. 

2(Ca())3Al2(_)3 + 3XaoS04 + SIHA) 

-> (CaO)3(Al203)(CaS()4)3-3lH2() + (2Xa3A103) 

\\ . Ben-h. F. w. Ashton ami R. 11. Bogue, B. S. J. Res., 2. 721 (1929) 


9 



aluminum 


15o 


(Si02-3Ca0) -f H 2 O 


C- U3^Vlo( ) 


c 


1-677 


In the setting of cement the tricalcium silicate reacts to form a lower 
hydrated silicate and two molecules of calcium hydroxide. Tricalcium 
aluminate reacts with Ca(OH)-) to produce a hydi’ated crystal. 

(a) 2(Si02-3Ca0) + 9 H 2 O ^ (('a0Si02)2-5H2() + 4Ca(()M).. 


(b) CaaAloOe + Ca(OH )2 + llHoO ^ I 2 H 2 O 


Burke and Pinckney, J. Ind. Eng. Chem.,3, 317 (1911) 


00 



Cn,(AHh), 


Tricalcium aluminate (li.ssociat(‘s at lo4()°('. 

UasCAlOn).. ^ 3Ca<) + AhO:, 

W. C. Hansen, H. S. J. Ues., 4, 59 (1930) 


1-678 


0 



(C}i()):r\l:( ).v<5ll>0 


1-579 


Hydrated ti’iealeium aluminate <leeoni])(>se.'< on ignition into the next 
lower aluminate. 4'he pi'oduet when trciited with steam at lot)'’ 
forms the hydrated triealcium aluminate. 


3(C'a())3-Al2()a4)Il,.() -> ( aa(AI();0-.-2( a(Al()-.)-. + -l(‘a() + 


18H.,0 


Tliorwaldson ainl (iract^, Can. J. Uos.. 1, 15 (1929) 



CaS04 


(Ca())5(Al203)., 


1-680 


Twenty gi-ams of 5:3 calcium aluminate* is di.ssol\-ed in 1 liter of watea- 
and the solution shaken for one liour, and filtered. 200 ml. of saturated 
(’aS() 4 Solution is added to the* tilti'ate*. ( ’alcium sulfoaluminate* crystal- 
lizes out \'erv slowlv in line h(‘\ag«>nal iiccelh*". 

« • 

;i(Ua()):.(.\M),;);t + I5(':iS<), + hHLO 
|(('a<))nfAl..():,)-f('aS(),):,h;Uil2() + (8.Vl(()in3) 




I-crcli, .V.sliidii atul Bogin-, B S .J Bi-s , 2. <20 (1929) 


.'y 
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(Ca0)3-5Al203 

H2O I.5gj 

3 : 5 calcium aluminate reacts \\ith water to form metastable solutions 
from which tricalcium aluminate and aluminum hydroxide precipitate 
slowly. 

((Ca0)3-5Al203) + 12 H 3 O (Ca0)3Al30 3 + 8A](OH)3 

L. S. Wells, B. S. J. Res., 1, 965 (1928) 9 


H2O 


(Ca0)5(Al203)3 


1-682 


5 3 calcium aluminate reacts with water to form metastable and super- 
saturated monocalcium aluminate solutions from which hydrated alum- 
ina and hydrated tricalcium aluminate subsequently precipitate as 

equilibrium is approached. A small amount of an unidentified phase 
is also formed. 


3(Ca0)6(Al203)3 + I 2 H 2 O ^ SCCaQsAbOa + (8A1(0H)3) 
L. S. Wells. B. S. J. Res., 1, 971 (1928) 


(Ca0)3(Al203) • (CaS04)3-31H20 

MgS04 ] 

Calcium sulfoaluminate is decomposed by 0.6 or 1.2% magnesium 
sulfate solution in 3 weeks. 


GMgS04 + 2(Ca0)3(Al203) (CaS04)3-31H20 12 CaS 04 

+ 6Mg(0H)2 + 4A1(0H)3 -f I 9 H 2 O 

Lerch, .\shton and Bogue, B. S. J. Res., 2, 725 (1929) 9 


(Ca0)3(Al203) • (CaS04)3-31H20 

Na2C03 1.584 

Calcium sulfoaluminate is decomposed by 3% sodium carbonate solu- 
tion in three weeks. 

SNa.COj -f (Ca0)3(Al203)-(CaS04)3*31H20 -> SCaCOj 

+ 3CaS04 + (2Na3A103) + 31H2O 

Lerch, .\shton and Bogue, B. S. J. Res., 2, 725 (1929) 9 
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(Ca0)4A1.203-Fe203 

H 2 O 1-686 

Tetracalcium aluminofenite exposed to saturated steam between 
100-300°C. decomposes into ferric oxide, calcium hydroxide and the 
hexahydrate of tricalcium alurainate. 

(Ca 0 ) 4 Al 203 Fe 203 + 7 H 2 O (CaO) 3 - A1203-6H20 

+ Ca(OH )2 + Fe 203 

Mather and Thorvaldsen, Can. J. Res., 16B, 337 (1937) ^4 


CsA1(S04)2-12H20 

Ba(0H)2-8H2O 1-686 

Cesium alum is converted into cesium sulfate when a solution is mixed 
with a solution of crystalline barium hydroxide. 

2 CsA 1(S04 )o - 1211.0 + 3Ba(OII)2- 811.0 CsjSOi 

+ 2A1(0H)3 + 3BaS0, + 48H,0 

Erdman and Menke, J. Am. Chem. Soc., 21, 260 (1899) 7 


Li 2 Cr 04 


HsAbSisOs 


1-687 


Lithium chromite is formed when a mixture of kaolin and lithium chro- 
mate is heated or fused for a long time. 


2 H2Al2Si208 + 


4Li2Cr04 4LiCr02 

+ (4LiA102 + 4Si02 + 2 H 2 O + 3 O 2 ) 


Weyberg, Centr. Min., 6-15 (1906) 



K2CO3 


ILALSbOs 


1-688 


A minutely crystalline compound is obtained when 
a large excess of potassium carbonate. 


kaolin is fused with 


ILALSbOs + K.AX)3 -> lv.Al,Si-.08 + (H-jO + CO2) 


Weyberg, Centr. Min-, 395 (1908) 

Ref., J. Chem. Soc. (London), 94, 697 (1908) 
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I-LALSioOs 


KCl 


1-689 


A minutely crystalline compound is obtained when kaolin is fused with 
a laige excess of potassium chloride. Similar reactions occur when 
kaolin is fused with potassium sulfate and potassium chromate. 


(a) HsAUSizOs + 2KC1 KgAbSizOg + (2HC1) 

HoAIoShOg -f- K2SO4 — > K2Al2Si208 -f- (H2SO4) 

(c) HoAbSi.Os + K.CrO, K.AbSisOg + (H 2 Cr 04 ) 

Weyberg, Centr. Min., 395 (1908) 

Ref.. .J. Chem. Soc. (London), 94, 697 (1908) 


KOH 


ILAloSbOsH.O 


1-690 


Potassium hydroxide decomposes kaolin into a trisilicate 
the equation. 


as .shown in 


3H2Al2Si2(J.s* HoO -h (>KOH — > 2K2Al2Si3(^io 

J. Lemberg, Z. deut. geol. fJos.. 36, 5.57 (1S.S3) 
Kef., ibid.. 40, 625 (1888) 


• 3 H 2 () H- K2AI2O4 + 3H2O 



LiBr 


ILAhSioOs-HoO 


1-691 


When kaolin is fused with lithium bromide, a lithium 
crystallizing in rhombic dodecahedra is obtained. 


bromo-sodalite 


lOLiBr + THoALSbOs-HoO 

(Li2Al2Si208)7-2LiBr -f (l4HBr) + (TH.O) 

Z. Weyberg. Centr. Min., (1905), 646 


Li^COrj 


HsAloSbOg-lLO 


1-692 


hen hthuun carbonate is fused with kaolin, a white crvstalline powder 
is obtained. 

SLi.t'O;, + lI,Al2Si,,08 lL.() ^ LieAloSi.Oio + 3CO. + 2H,0 

Z. Weyberg, Centr. Min. ( 1905), 646 


2 
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LUAUSioOs'II^O 

LiCl 1-693 

Fuse kaolin with lithium chloride and a white, crystalline powder is ob- 
tained. The crystals are orthorhombic. 

OLiCl + lI,AUSi.,Os-Hd) + (O2) 

-> LieALSbOu. + ( 2 HC’l -b 2 U 1 , + IW) 

Z. Weyberg, Centr. Min. (1905), t)4()-655 2 


JU-ALSbOsHoO 


Li2S04 


1-694 


When lithium sulfate is fused with kaolin, a crystallized orthorhombic 
I^roduct results. 

LbStn + lI..Al..Si.,()« lId) LbALSbOs + (lUSth + Ild)) 


Z. Weyberg, (’entr. Miii. (1905), OtO 


2 


ILAbSbOg 


CaO Na.COa 


1-696 


The mineral argile is decomposed by heating a mixture ot it with lime 
and sodium carbonate. 

H4AL8b().j + lUaO + Xa^UOa Xa>AM)t + (’ai(Si()4)2 

-b (’().. -b 2H2(> 

Mark Packard. Clioin. Zontr. (1007) 1, 1C06; I) U P- 1S244J 
Hof., C’arl Faes.slor, Can. Clunn. Mot. I'.nK., 12, (1028) 


15 


K.VKb 


C4H40ft(CH3)2 


1-696 


111 strongly alkaline solut 10ns, |)ot assium met alumina tc 1 01 ms a complex 
with methyl tartrate: 

(KA1()2 -b :M\U,ih{C\hh + 2K()II + 2H2() 

-> (U4ll406)3K3Al + ()Cn:,<)H) 

\’eu Ki Ilong, .1. C'liim. pliNs., 33, (1940) 


(i!f 
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KAIO2 


1-697 

Iron reacts, in a vacuum, on most alkali metal compounds near their 
fusion temperatures. Potassium metaluminate is reduced by iron at 
about 1500°C according to the equation: 

2ICAIO2 + Fe -> AI2O3 + FeO + 2K 

Hackspill and Pinck, Bull. Soc. Chim., (4), 41. 1151 (1927) 5 / 


KAIO2 

H2O2 1.590 

Potassium peraluminate is formed when hydrogen peroxide oxidizes 

potassium metaluminate in the cold solution. It is precipitated with 
alcohol. 

KAIO2 + H2O2 + 5H2O ^ KAlOa-eHiO 
Tanatar, Ber., 36, 1893 (1903) oa 


LiCl 


ICA102 


1-699 


Lithium hydrogen aluminate is prepared by mixing solutions of lithium 
chloride and potassium metaluminate. 

2LiCl + 2KAIO2 + 6H2O LiH(A102)2*5H20 + 2KC1 + LiOH 

J. Hegrousky, J. Chem. Soc. (London), 118, 1013 (1920) 

Ref., Dobbins and Sanders, J. Am. Chem. Soc., 64, 178 (1932) t 


KAIO2 

Mg(HC03)2 1.000 

A white hom-like mass is foimed when magnesium hydrogen carbonate 
is added slowly to potassium metaluminate. 

2KAIO2 + Mg(HC03)2 + 2H2O Al203MgC03-3H20 + K2CO3 
F. Loewig, D. R. P. 70175 

Ref., Ber., 26, 951 (1893) gg 


K3AIO3 

Ca(OH)2 J.0O1 

A white crystalline precipitate of calcium aluminate is formed when a 

hot solution of calcium hydroxide is treated with potassium ortho- 
aluminate. 

2 K 3 AIO 3 + 3Ca(OH)2 4- OH 2 O Ca 3 (A 103 ) 2 - 6 H 20 + (6KOH) 

Allen and Rogers, Am. Chem. J., 24, 304 (1900) / 



ALU.MIXr.M 




K3AIO3 

Ca(0H)2 I_602 

hen a solution ot i)otassivini aluininato and lime-water are mixed, 
crystallization Ijegins very (|uickly and continues for hours; the product 
is a mass of crystals whicli are optically active. 

2 K 3 AIO 3 + 4 (’a(()ll )2 + 201120 CaiAl.O ;- 211120 + (iKOll 

11. Ic C'liatelicr, Hull. soc. cluin. (2), 42, S2 (ISS-^ ). 


/ / 


K2CO3 


K3AIO3 


1-603 


A precipitate is formed wlicn a potassium carbonate .solution is added 
drop by drop to a solution of potassium orthoaluminatc. 

2K3A10a + oKoC'Oa -j- oII>0 -> (1x20)3- Al203 o(’02 + lOKOH 


Dittc, C’ompt. rciul., 116, 3S() 

Rof., J. Clioiu. Soc. ( I..on<loii ) , 64, 27!» nS93) 25 


KBr 


KAi(SO.0> 


1-604 


KBrO 


Aluminum iiydioxidc is obtaiiu'd by tlic n'aclion of solution of alum 
with a mixture of ])ota.ssium l)r<)mi<le and pota.ssium Inornate. 

2KA1(S0.,)2 + oKBr + KHvih + :B!20 2A1(0I1)3 + 1K2SO, -f 3Br.> 

F . A . (looch ami K . \ V . ( Xshoriir . Z . (' luMii .. 66 , ISK ( 11 ) 07 ) 



K.\l(S()d- 


NaOH 


1-606 


'Flic addition of sodium bvdioxide to a conctml rated solution of potas- 

% 

simn alum vields a series ol basic salts alter tlie reactions: 

(a) lAlK(SO,)- + r.NaOll ■ Af:! S( ),):. ■ Al(Ol I ):. 

t ‘iKjSO, -t- ;iNa..SO, -h Al(Oll), 

(b) AbCSOtXr AilOlI);. d liXaOH ' :i.\l((>il)3 + dXa-.SO, 

(c) 2AlfOH)., 1 HXanll - Xa;,.\ln,t ■ Al(( >I I )3 + UO 

(d) Xa 3 A 103 AK<)li )3 d* dXaOII d- ;B1,.0 

F. Cruhel, J. Chilli, phys., 19. :i:il (1021 ) 


fJ!) 
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EAlSbOg 

H 2 CO 3 1-606 

The reaction by which potassium may be made available through the 
solvent action at the feeding points of roots may be represented as 
follows . 

2KAlSi308 + H 2 CO 3 + H 2 O H4Al2Si20o -f 4810. + K 2 CO 3 

E. Truog, Science, 66, 294 (1922) 44 


KAlSbOg 

H 2 F 2 1-607 

Aluminum fluoride is formed when orthoclase is attacked by hydro- 
fluoric acid. 

4 KAlSi 308 + 32H2F2 — 2K2F2 + 4AIF3 -|- 12 SiF 4 ’32H2O 

Cushman and Hubbard, J. Am. Chem. Soc., 30, 790 (1908) 1 


KAlSiaOs 

HoO 1-608 

In the presence of abundant water the following equilibria may be as- 
sumed to exist in igneous magmas, the polysilicates partly breaking 
down into orthosilicates. A like reaction takes place with albite. 

(a) * KAlSbOa ^ KAlSi04 + 2Si02 

(b) NaAlSisOg NaAlSiO^ + 2Si02 

G. W. Tyrrell, Trans. Far. Soc., 20, 425 (1924) 85 


KAlSisOs 

K 2 CO 3 1-609 

A complex silicate is formed when the product resulting from the fusion of 
powdered orthoclase with potassium carbonate at dull red heat is 
treated with water. 

(a) 2KAlSi308 + 6K2CO3 6K2Si03 + K2AI2O4 + 6CO2 

(b) GKsSiOj -f- K2AI2O4 + 5H2O 

^ (H20)2-K20-Al203(Si02)3 + 6KOH -f SKaSiOs 

Cushman and Hubbard, J. Am. Chem. Soc., 30, 796 (1908) ^ 
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163 


KOH 


KAlSi30 


1-610 


When feldspar is finely ground and mixed in water with 8 parts of its 
weight of KOH or NaOH and licatetl to 275-300°C for a period of one 
hour after the water has evaporated, tlie following reaction takes place. 

The product is soluble in water. 

KAlSbOs 4- 2 KOI I ^ KAlSiaOc + K .SiOs + H.O 

Frazier, Holland and Miller, .1. Iiul. Eng. Cliem., 9, 936 (1917) 22 


KAlSi308 

NaoCOa 1-611 

When feldspar is heated to about 900-1000° with sodium carbonate, 
disodium potassium aluminum trisilirate and carbon dioxide are formed. 

KAlSbOa + Na,C()3 -> Na.KAlSiaOg + CO, 

0. Pelterson, J. Chem. Soc. (London). 77, 1293 (1900) 102 


K2Ab(S(),).i 

KsCrO^ 

A solution of alum is decomposed by potassium chromate. 

SKaCrO., + Ko-VIASO.,), -> IK, SO, + 2K2('r2()7 4- .\1,( );, ■ Cr( )., 

Elliot and Storer, Proc. .\in. .\cad., 0, 211 (1862) 


1-612 


25 


K,S()4-A1,(S()4)3 

KOH 1-613 

Potassium metaluminate is formed wlien a solution of i>otassimu 
aluminum sulfate is allowed to nact with a solution of i)otussium liy- 
droxidc at 30° 70°. 

KaSOr A1,(S0.,)3 4- HKOII 2KA1(), t lK:SO, + 111,0 
.'V. H. I*rc.-5Cott , .1. Am. ('Ikmii. See., 1, 2S (lS70i I 


I’:2S0,-Ab(S0,)3-22ij,0 

K4Fe(CN)6 1-614 

A bluish wliite gelatinous ])recipitat(; of ahiminum ferro cyanide* is 
torrncHl wlu*fi hot concenti'ated solutions ot potassium alum and potas- 
sium ferro evanide* are mixcel. 

% 

2(K2SO.,.A1..(S(),,}3-22ILO) + :SK,l''c(('X)c 

. .M,(;i'V(('.\)r,),r I7I1..(» + (SK.,S(), 1 27ll..(i; 

VVyroubofT, Ann. (Miiin. Pliys., 8, \\7 


Jo 
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K 2 S 04 -Al 2 (S 04 ) 3 - 22 H 20 

Na2W04 1-616 

Neutral aluminum tungstate is foniied as a precipitate when solutions 
of alum and sodium tungstate are mixed. 

(K2S04-Al2(S04)3 -221120) + 3Na2W04 

Al2(W04)3-8H20 + (K2SO4 + 3Na2S04 + I4H2O) 

J. Lefort, Compt. rend., 87 , 748 

Ref., Ad. Kopp, Ber., 12 , 362 (1879) 25 


K 2 S 04 -Al 2 (S 04 ) 3 - 24 H 20 

BaCU 1-616 

Aluminum oxide is obtained when the aluminum chloride obtained by 
treating alum with barium chloride is heated to redness. 

(a) K2S04-Al2(S04)3-24H20 + 3BaCl2 

^ 2AICI3 + (3BaS04 + K2SO4 + 24H2O) 

(b) 4AICI3 + 3O2 -> 2AI2O3 + (6CI2) 

Poggendorff and Liebig, Ann., 17. 49 (1836) / 


KAHS 04 ) 2 - 12 H 20 

CaCOa 1-617 

Potassium alum reacts with salts in natural wateis changing the basic 
nature of the water to neutral. 

2IC\1(S04)2- 12H2O + SCaCOa ^ Al2(C03)3 + 3CaS()4 + K2S04- 12H2O 

W. L. Lewis, J. Ind. Eng. Chem., 8, 917 (1916) 22 


K2S04Al2(S04)3 -241100 

NH 4 OH 1-618 

Aluminum hydroxide precipitates when a saturated solution of potas- 
siiim alum is treated with ammonium hydroxide. 

K,S(), Al,(S04)r 24114) + GXH,OH 2A1(0H)3 

+ (3(NH,)2S04 + KoSO, + 24 H 2 O) 

I' lSgcrKlorfr and Liebig, Ann., 17, 50 (1836) t 


NH 40 H 

KOH 

NaOH 


ALUMINUM 

K2SO4-Al2(SO03-24H2O 


1G5 


1-619 


A solution ot alum is procipitatod with ammonium hydroxide. The re- 
sulting aluminum liydroxide is dried in a vacuum desiccator then shaken 
for 24 hours witli potassium hydroxide solution. Soluble potassium 
aluminate is formed. The same type reaction occurs with sodium hy- 
droxide solution. 

(a) K2S04-Al2(SO,)3-24lL() + (iXILOH ^ 2A1(UU)3 

+ 3(Nll4)2S7b > K 2 HO, + 24HoO 

(b) Al(On)3 + 3K()II ^ KsAlOa + 3 II 2 O 

(c) A1(()H)3 + 3XaOII ^ XaaAlOa + 3 H 2 O 
W. HeriJ, Z. aaorK- Clioin., 26, 1.36 (1900) 


28 


iv.s()iAi..(sod3-2nr.o 

NaCbOj 1-620 

A white j)reeipitate of aluminum cohimbate forms wlum a solution of 
alum reacts witli sodium (■oluml)ate. 

K2S()r Al.(S().i)3-2Hr.O + bXat'bOa 

-> Al,()3-3(’b..()i 12n-.() f {KjSO, + I 2 II 2 O + 3Xa2S()4) 

Halk<‘ aiui Smith, .\m. ('horn. Soc , 30, 1062 (190.S) / 


KoS(),A1,.(S(),)3 

NaoF. 1-621 

Aluminum potassium lluoiide is formed wlien anhv’di’ous potassium 
alum and sodium fluf)ii<l(‘ aiv melt(‘d togethei-. 

KsSOr Al2(SOd3 T lXa.d’'2 ' lXa,S(), 4- 2(AlF.v KK) 

W. Difhl. I). K. I*. .39117 
Her., 25. 2.’>0 (1S92» 


.•'•V 


K,.S< ),• \ 1 ,.(.S( 

NaOH 1-622 

J^odiuni metaluminat(^ formed when a solution of Mxlium liydroxide 
reacts with alum solution at 30 70 

K 2 S{N-Al 2 (SO ,,)3 4 - HXaOlI -- 2 \'aAl (>2 f K.-SO, -f 3 Xa..S(), f Hid) 

H. Pro.scott, .1. Atn. (‘hem Soc , 1, 2s ' iSrCo / 
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(LiAlSiO^). 

Li2S04 1-623 

A white sandy powdered substance, insoluble in Avater, is formed Avhen 
lithium aluminum orthosilicate is fused for a long time with lithium 
sulfate. 

(LiAlSi 04)2 + 2Li2S04 2LiA102 + (2Li2Si03 + 2SO2 + 62) 

Weyberg, Centr. Min., 645 (1906) 25 


LiH(A102)2*5H20 

A 1-624 

A lithium metaluminate-aluminum oxide is formed when acid lithium * 
aluminate is moderately ignited. 

2LiH(A102)2-5H20 ^ (LiA102)2- AI2O3 4- 6H2O + 2^0. 

J. Hegrousky, J. Chem. Soc., 118, 1013 (1920) 

Ref., Dobbins and Sanders, J. Am. Chem. Soc., 54, 178 (1932) / 


(NH4)3A103 

Decomp. 1-626 

Aluminum hydroxide is formed along with the evolution of ammonia 
when ammonium aluminate decomposes. 

(NH 4 ) 3 A 103 A 1 ( 0 H )3 + 3NH3 

Gottig, Ber., 29, 1671 (1896) 26 


(NH4)2Al2(S04)4 

CaH 4 (P 04)2 + NaHCOa 1-626 

Baking powder decomposes according to the following equation, to 
yield a mixture of products. 

(NH4)2Al2(S04)4 + CaH4(P04)2 + 4XaHC03 ^ Al2(P04)2 

-I- CaS04 + (NH4)2S04 -f 2Na2S04 + 4CO.. + 4 H 2 O 

L. Pitkin, J. Am. Chem. Soc., 12, 454 (1890) 1 


(NH4)2Al2(S04)4*24H20 

NH 4 OH 1-627 

Ammonia was added to a solution of ammonium alum, which precip- 
itated aluminum hydroxide. 

(NH4)cAU(S04)4*24H20 + 6NH4OH 2A1(QH)3 

4 - ( 4 (NH 4 ) 2 S 04 4 - 24H2O) 

J. W. Mallet, Trans. Roy. Soc. (London), 171, 1003-35 (1881) 1^^ 
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BaCl2 


((NH4)20)3-Al203-9W03 


1-628 


Barium aluminico ’ tungstate is the white precipitate fonned when a 
solution of barium chloride is treated with ammonium “aluminico” 
tungstate. 


24BaCl2 + 8((NIL)20)3Al203-9\V03) + 2 IH 2 O 

-V 3 ((BaO ) 8 • Ab03 • 9 WO3 • 7II2Q) + (48NH4CI + 5AI2O3 + 4o\V()3) 

L. C. Daniels, J. Am. Chem. Soc., 30, 1^48 (1908) 


((NH4)20)3-Al203-9W03 

CUSO 4 I_e29 

Copper aluminico-tungstate is formed as a precipitate by adding to a 
10 % solution of copper sulfate, a solution of ammonium aluminico- 
tungstate. 

4CuS 04 + 2[((NIl4)..0)3*AM)3-9WC3) + 31H-.0 

* [(CuO)2Al203 ■ (^03)9 • 10 ^ II2O ]■> + 4(XIIi) 2S04 -f- IXHa 

L. C. Daniels, J. Am. Cliem. Soc., 30, 1847 (1908) / 


((NHl)20)3-Al203-9W03 

{NH4)3P04 1-630 

Ammonium aluminico-pliosphotungstatc' separates as a white powder 
when a concentrated solution of orthophosphoric acid or a solution of 
ammonium phosphate (containing an exee.^s of ammonia, is troat(‘d witli 
ammonium aluminico-t ungstate. 


8(Xir,)3POt + 2((XII,)20)3-Ab03-9\V()3 + \\U> 

“^((Xni)20)9-(Ab()3)2-(IM)3)r(\V03)o-13n,.<> + {9\V03 + I 8 XH 3 ) 

h. C. Daniels, J. .\in. CIkmii. .Soc., 30, (1008; / 


p-XOA'cH.f )Cl Al(’l,, 

CcHe 1-631 

Wlien benzene is a(ld(‘d lo a solution of i)ara-nit lobejizovl chloride- 
aluminum chloride in puic, diy caibon disulfide, t Ik* benzc'ue rccacts wit li 
the clilorine of tine aromatic to form a ketone. The compound may he 
crystallized by nanoving the .^oUa-nt by evai)oiation und(‘r vacuum. 

Pure para-nilrob(‘nzophenon(‘ may be obtaiiK'd by deeomj)0.«ing tlie 
(;ompl(‘x in boiling SO ' , ale()lioI, cooling >lo\vly, and allowing it to crys- 
tallize. 44io crystals slionld be \\a<lie(l with alcoliol. 

p-XO.CcILCtK'l AlCb * tAlI., > p-No,(’„ili(’<)(’oll. AK'l,, ■ Ilt l 

•1. Boosekon. Hoc. trav. cliiin , 19. '2'> IlMMo i'l 
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m-N02C6H4C0Cl*AlCl3 

CfiHe 1-632 

When benzene is added to a solution of meta-nitrobenzoyl chloride- 
aluminum chloride in pure, diy carbon disulfide, the benzene reacts 
Avith the chlorine of the aromatic to fomi a ketone. The compound may 
be crystallized by remoA'ing the solvent by evaporation under vacuum. 
Pure meta-nitrobenzophenone may be obtained by decomposing the 
complex in boiling 80% alcohol, cooling sloAvly, and alloAving it to 
crj-^stallizo. The crystals should be Avashed Avith alcohol. 

m-NO.CeHA’OCl-AlCb + CeHe -> m-N02C6H4C0C6H5- AlCb + HCl 

J. Boeseken, Rcc. trav. chim., 19, 24 (1900) ^ 


m-XOiC^GlLCOClAlCl;, 

C 6 H 5 CH 3 1-633 

When toluene is addeil t(j a solution of meta-nitrobenzoyl chloride- 
aluminum chloride in pure, dry carbon disulfide, the toluene reacts Avith 
the chlorine of the aromatic to foi’m a ketone. The compound may be 
crystallized by removing the solvent by evaporation under vacuum. 

Pure meta-nitro methyl benzophenone may be obtaineil by decompos- 
ing the complex in boiling 80% alcohol, cooling slowly, and alloAving it 
to crystallize. The ciystals should be washed A\ ith alcohol. 

m-NCbCeH^COCl-AlCb + 

m-XOsCeHiCOCeH^CbL'AlCU + HCl 

J. Boeseken, Ucc. trav. chim., 19, 24 (1900) 27 


p-N02C6H4C0Cl*AlCb 

CeH5CH3 1-634 

When toliKuie is added to a .solution of para-nitrobenzoyl chloride- 
aluminum chloride in pure, dry carbon disulfide, the toluene reacts Avith 
the chlorine of the aromatic to form a ketone. The compound may be 
crystallized by removing the solvent by OA'aporation under A'acuum. 

Piiix' para-nitro methyl benzophenone may be obtained by decomposing 
the complex in boiling 80% alcohol, cooling slowly, and alloAving it to 
crystallize. The crystals should be Avashed with alcohol. 

P-X()2C6H4C0C1-A1C13 + C 6 H 5 CH 3 

P-NO 2 C 6 H 4 COC 6 H 4 CH 3 -AICI 3 + HCl 

.1. lioesekcn, Rec. trav. chim., 10, 25 (1900) ^ 


ALUMINUM 


m 


C*OCH. 

AVhen anisol is iuldcd to a solution ot incta-nitiobenzoyl c-hloiidc- 
aUuninum ehlorulc m puiv, diy ea.bon disulfide, the anisol reacts 
\Mth the chlorine in the aromatic to form a ketone. The compound 
may be crystallized by remoiing the solvent by evaporation under 
vacuum. Pure meta-nitro methoxy benzophenone may be obtained 
by decomposing the comple.x in boiling 80<^p alcohol, cooling slou ly, and 
allowing It to crystallize. The crystals should be washed with alcohol. 

m-XOoCsHjCTX'l-.VlCb + CellstKTis 

— m-XtbCabC'oCelMKTIj AlC’b + MCI 

J. Hooseken, Uec. trav. cliim., 19, 2") (IIKM)) 


1-636 


>7 


j)-\(),(^6H4C()('1 AK’L 

CcHbOCHh J_g3g 

Wiien anisol is adthnl to a solution ot paia-nitrohonzoyl (:lih>ii(l(‘-alum- 
imim clilorido in puiv, dry (‘aiUon disnllidr, tlir anisol reacts witli tlu* 
chlorine of tlio aromatic to form a ketone. 'I'he compound may he 
crystallized hy lemoving the solvent by evaporation under vacuum. 

Pure para-nitro methoxy henzoplu'none may he ol)tained hy d('comi)Os- 
ing the complex in boiling 8(U^ alcohol, cooling .dowly, and allowing it 
to crystallize. 

p-NOoCfifLCtX’lAK’L + iWUOClh 

-- I)-X(),U6n4(’(K’6ll40('H,, AI(’L + IK’l 

J. Boesekon, Roc. trav. cliitn , 19, 2") (11)00) 


CaCL 


Xa.iAIKc 


1-637 


Aluminum is formed wIumi 
together and the resulting 
sodium or mangani*.'<(‘. 


cryolite and calcium chlorid<‘ are meltc'd 
aluminum chloride n^duced with metallic 


(a) 

(l>) 


2Xa.-,AlI*\ d ;U’a('l, > 2AlCh -h Ht aU + 8Xa,Fn) 

AiCl, -t- :JXa - Al h {8Xa(: 


or 

2.\1('1., U dMn - 2.\1 -h (;LMn('l,) 

W. W(*I(loa, lirit. But. 1)7 (IS.s;i) 

Ref., U. Hiodonnanii. Her.. 17, 1)0 flshli 
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NajAlFe 

CaO 1-638 

Cryolite or sodium aluminum fluoride may be used for the preparation 
of alkali aluminate (or alumina) if it is heated together Avith calcium 
oxide. 

NaaAlFfi + 3CaO NasAlOs -f- SCaFs 

V. Gerber, Z. Elektrochem., 26, 193 (1919) 86 

NajAlFe 

CaS 1-639 

Aluminum is formed when cryolite and calcium sulfide are melted to- 
gether and the melt reduced with metallic sodium or manganese. 

(a) 2Na3AlF6 + (3CaS) (AI2S3 + 3CaF2 + 3Na2F2) 

(b) MSz + 6Na ^ 2A1 + (3Na2S) 

or 

AI2S3 + 3Mn 2A1 4- (3MnS) 

W. Weldon, Brit. Pat. 97 (1883) 

Ref., R. Biedermann Ber., 17, 90 (1884) S5 

NaaAlFfi 

K 2 S 1-640 

Aluminum is formed when cryolite and potassium sulfide are melted 
together and the melt reduced with sodium or manganese. 

(a) 2Na3AlF6 -|- 3K2S — > (AI2S3 4“ 3Na2F2 4~ 3K2F2) 

(b) AI2S3 4- 6Na 2A1 4- (SNazS) 

or 

AI 2 S 3 4- 3Mn 2A1 4- (3MnS) 

W. Weldon, Brit. Pat., P. 97 (1883) 

Ref., R. Biedermann Ber., 17, 90 (1884) 

NaAlOz 

CaClz 1-641 

Addition of calcium chloride solution to sodium metaluminate causes 
precipitation of calcium metaluminate. 

CaCb 4- 2NaA102 Ca(A102) 2 + (2NaCl) 

J. K. Wood, J. Chem. Soc. (London), 93, 419 (1908) 
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IS 


NaAlOs 

CaH2(C03)2 

Aluminum hydroxide is precipitated when sodium raetaluminate .. 

added to water containing calcium bicarbonate or other suspended 
matters. 

Ca(HC()3)2 + 2NaA102 + 2H2O CaCOj + 2Al(OH)3 + NoaCOa 
Mabery and Baltzley, J. Am. Chem. Soc., 21, 23 (1899) 


1-642 


1 


NaAlOj 

H3BO3 
H2O2 

A white powdered precipitate was obtained when a cooled solution of 
sodium aluminatc wiis slowly treated with a 10% solution of hydrogen 
peroxide and boric acid. 

2NaAl()2 + 2H3li()3 + 21100.^ Xa.AblLOo oIIotJ 

Chemische Fabrik Coswig-Anhalt , D.K.I*. 23o,()oO 
Kef., J. Chom. Soc.. 100, 981 


1-643 


■25 


NaAlO. 

HCl I_644 

Sodium metaluminate was dissolved in boiling hydrochloric acid, thus 
forming aluminum cliloridc. 

XaAlOa + -IHCI -> AIUI3 4- 21120 + XaCl 
llichard Clieuevi.K, Trans. Roy. Soc. (London), 92, 331 (1802J 105 

NaAlO, 

H2O I_646 

The solution of any soluble aluminatc always reacts alkaline due to 

% % 

hydrol3'sis, as shown in the following ecpiation. 

XaAlO. + 2H2() ^ XaOir -f A1(()I1)3 

W. T, McGeorge, J. F. Hrcazcale and P. S. Hurge.ss, Science, 64, oOl (192G) 

\aAl()2 

H2O 1-646 

A solution of sodium imdaluminate wluai heated over a water bath 
precipitates aluminum liydroxide. 'Plu^ reaction j)roc(‘eds to about 
()0% at 100°, and 3 ^)% at 25°. 

Xa.UO-. -h 2ILO -> XaOII + Al(()II)3 

% 

J. K. Wood, J. Ctuan. Soc. LondoiO, 93, 122 (lOOHj 57 
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NaAlOz 

H 5 PO 4 1-647 

To a concentrated solution of sodium aluminate an excess of ortho- 
phosphoric acid is added, and the mixture heated in a sealed tube 
to 250°C. The product, “Al 2 (P 04 ) 2 ”, in the form of small hexagonal 
prisms, is obtained, having a sp. gr. 2.59. It does not melt at white 
heat nor is it soluble in HCl or HNO3. 

NaA 102 + H3PO4 AIPO4 + (NaOH + H2O) 

A. (lelScliulten, Compt. rend., 98, 1583 

llcf., Pinner, Per., 17, 408 (1884) 29 


NaMOo 

H 3 PO 4 1-648 

Aluminum orthophosphate is formed when sodium metaliiminate and 
phosphoric acid are heated together in a closed tube at 250°. 

NaAlOs -h H 3 PO 4 ^ AIPO 4 + (NaOH + H 2 O) 

Schulten, Compt. rend., 98, 1583 

Ref., Ber., 17 , 408 (1884) 26 


NaaAlOa 

C 1-649 

Metallic aluminum is formed and vapors of sodium and carbon monox- 
ide escape when a mixture of sodium orthoaluminate and carbon is 
heated either in the absence of air or with a reducing flame. 

NaaAlOs + 3C A1 + 3Na + 3CO 

E. Meyer, D.R.P. 59888 

Ref., Ber., 26, 295 (1893) 26 


NasAlOs 

COo 1-660 

Sodium orthoaluminate saturated with carbon dioxide foiTns basic 
aluminum carbonate. 

2Na3Al(\ -h SCO. -f H 2 O ^ 2A1(0H)C03 + (3Na2C03) 

W. C’. Day. Am. Chem. J., 19, 707 (1897) 
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H 2 O 2 


NiiaAlOs 


1-661 


Sodium peraluminatc is formed when sodium aluminate is oxidized l)y 
hydrogen peroxide. 

NasAlOj + H2O2 + 8H2O ^ Na3A104-9H20 

Yanatar, Ber., 36 . 893 (1903) 


26 


NasAlOs 

1-662 

Aluminum phosphate is obtained as small hexagonal crystals when 
sodium aluminate and phosphoric acid are heated together in a closed 
tube at 250°C. 

NasAlOs + IhVih Aim, + (3NaOH) 

A. Scliultcn, Compt. roiul., 98, 1583 

Ref., Ber., 17. -408 (188J) 26 


NH4CI 


NajAlOa 


Aluminum hydroxide precipitates when 
boiled with ammonium chloride. 


NaaAlOj -f 3Xir4CM ^ .Vl(()Il ).3 + 3XaCl + 3 XH 3 

* 

E. Ebler, Z. unal., C'heni.. 47. G60 (1908) 


1-663 


sodium orthoaluminate is 


26 


XaaAlOa 

(NH4)2S 1-664 

Aluminum is only partially preeipita((‘d from alkaline solutions at or- 
dinary temperatures l)y ammonium .suUidc*. .\t the boiling point th(‘ 
precipitation is compU'te because of the removal of ammonia. 

3(XH.,)2S + 2Xa3Al()3^^(iXll3 + 3Xa-.S -f 2A1(()H)3 

A. Travers, Cluin. et Ind., 1, 70S (1018) 01 


XaAl(<)Il) 2 () 

Br2 1-666 

Sodium bromate is formed and aluminum hydroxide^ is pr(“cipitat(‘d 
when bromine naiets with sodium nxda basic aluminate above* ()()°('. 

(>XaAl(()II) 2 () + 311,0 f 3Hr2-> (1A1(()H)3 + XaHrO:, + oXalh- 


W. Jakol). Z. anal. Clicin.. 62, (mI (1913) 


Jo 
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NaAl(0H)20 

Br2 1-666 

Sodium hypobromite and aluminum hydroxide are formed when bro- 
mine reacts with sodium metabasic aluminate below 60°C. 

2NaAl(0H)20 + H2O + Bra “> 2AJ(OH)3 + NaBrO + NaBr . 

W. Jakob, Z. anal. Chem., 62, 651 (1913) ^8 


NaCl-xKCl-yAlBrs 

Na 1-657 

The sodium and potassium chlorides and aluminum bromide complex 
was added to a fused bath of sodium and potassium chlorides. To this 
sodium was added yielding metallic aluminum. 

(a) NaCl-xKCl-yAlBrs -> (NaCl + xKCl -|- yAlBra) 

(b) AlBra -h 3Na ^ A1 + 3NaBr 

J. W. Mallette, Trans. Roy. Soc. (London), 171, 1003-35, (1881) i05 


(Na20)2(Si02)2Al203 

CaO 1-668 

Sodium silico aluminate when mixed with lime produces a cinder-like 
substance which is easily crumbled, when heated in a rotary kiln. 

(Na20)2(Si02)2Al203 + 4CaO 2(Ca0)2-Si02 -|- (Na20)2-Al203 

A. H. Cowles, J. Ind. Eng. Chem., 6. 333 (1913) S8 


' Rb2S04-Al2(S04)3 -241120 

HBrOa 1-669 

Rubidium bromate is formed when rubidium alum is treated with 
bromic acid in excess and allowed to crystallize. 

Rb2S04 Al2(S04)3-24H20 -h 2HBr03 -> 2RbBrOa 

-h (Al2(S04)3 + H2SO4 + 24H2O) 

Bud! and MeCrosky, J. Am. Chem. Soc., 43, 2032 (1921) ^ 
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H2SO4 


ANTIMONY 

Ba(Sb0-C4H40«)2 


1-660 


An aqueous solution of barium antimonyl tartrate is mixed in the cold 
with a solution containing the theoretical amount of sulfuric acid 
needed for double decomposition; barium sulfate precipitates and the 
filtrate, upon boiling, yields a white precipitate of the hydrated anti- 
monious oxide shown in (a). 

This oxide looses water upon heating it to constant weight in a steam 
oven (b). 


(a) (Ba(SbO • 0411406)2 + H2SO4 -f- 4.73H2O 

Sb203-4.73Hj0 + BaS 04 + 2 C 4 H 6 O 6 ) 

(b) (Sb203 -4.73 H2O -> Sb203-2.29 H2O + 2.44 H2O) 

Charles Lea and John K. Wood, J. Chem. Soc., 123, 261 (1923) 


Ba3Sb2S8 01120 

KCl 1.661 

A solution of barium orthothioantimonato will react with a solution of 
potassium chloride. By concentrating and cooling this solution color- 
less crystals of potassium-barium orthothioantimonate arc obtained. 

BajSbaSs-OHsO + 2 KC 1 + SII.O^ ^raa8bS4-Gll20) + BaCb + 2H2O 

E. Glatzel, Z. anorg. Chem., 72, 100 (1011) 28 


(CH 3 ) 3 SI) 

CNBr 1-662 

Care being taken to exclude air, trimethylstibinc is added with shaking 
to a petroleum ether solution of cyanogen bromide, cooled to — 5 ®, to 
form colorless, crystalline tiimethyl antimony cyanobromidc. The 
compound is insoluble in cold anhydrous organic solvents. 

(0113)38!) + CNBr -> ((;il3)3SbCNBr 

G. T. Morgan and E. Yarsley, Proc. Roy. Soc. (London), IlOA, 535 (1926) 110 
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(CH3)3Sb 

CI 2 i-663 

Bra 

I2 - 

On adding an ethereal solution of chlorine, bromine or iodine to 
trimethylstibine, the corresponding trimethylstibine dihalide is formed. 

The dichloridc and dibromide may be reciystallized from hot water as 


colorless needles. 

The iodide is yellow and less soluble. 

(a) 

(CH 3 ) 3 Sb + CI 2 - 

(CH3)3SbCl2 

(b) 

(CH 3 ) 3 Sb + Br 2 ■ 

(CH3)3SbBr2 

(c) 

(CH3)3Sb H" I 2 — 3 

- (CH3)3Sbl2 


G. T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 525 (1926) 110 


CHaSbBra 

Bra 1-664 

Methylstibine dibromide in carbon disulfide is demethylated by adding 
l)romine. Antimony tribromide separates. Methylstibino diiodido 
does not combine with iodine under these conditions. 

CHsSbBra + Bra -> Sl^r, + (CHjBr) 

G. T. Morgan and G. U. Davies, Proc. Roy. Soc. (London), IlOA, 527 (1926) 110 


(CH,)ShBv2 

A 1-666 

W hen trimethyl antimony dibromide is heated in a current of carbon 

dioxide at 80-100 mm. pressure, dimethylstibine bromide is formed. 

On redistillation it boils at 175-180° 750 mm. and slowlj' solidifies to 

almost colorle.ss crystals melting at 89°. 'fhe compound is sponta- 

neouslv inflammable in air at 50°. 

% 

(ClDsSbBr-. ^ (CnDaSbBr -f- CILBr 

<i. T. Morgan and O. R. Davies, Proc. Roy. Soc. (London), IlOA, 529 (1926) HO 


ANTIMONY 



(CH3)2SbBr 


A yellowish white precipitate of feathery needles of dimethyl antimony 
tnbromide forms when dimethylstibine bromide is added to bromine 
(1 mo e) in carbon disulfide at - 10°. The compound rapidly loses 
methyl bromide, foi-ming methylstibine dibromide. 

(CH3)2SbBr + Bro (CH3)2SbBr3 
(CH3)2SbBr3 CH3SbBr2 + CHaBr 

G. T. Morgan and G. U. Davies, Proc. Roy. Soc. (London), IlOA, 531 (1926) HO 


NaOH 


(CH3)2SbBr 


1-667 


When treated witli a(iueous sodium hydro.\i<l(‘ or potassium carbonate 
solution, dimethylstibine bromide is converted into bisdimethyl anti- 
mony oxide, a colorless oil which is spontaneously inflammable in air at 
ordinary temperatui*es. 


2(CH3)2SbBr + 2\a()!I ((’Il3)2Sb()Sb(rH3)2 + (2\aBr + IT/)) 

G. T. Morgan and G. U. Davies, Proc. Roy. Soc. (London), IlOA, 532 (1926) HO 


O2 


((’H3)2SbBr 


1-668 


White, amorphous dimethyl antimonyl l)romide is formed when di- 
methylstibine bromide is covered with petroleum ether and shaken in air 
occasionally to cause slow oxidation. The compound Ls moderately 
soluble in hot water and gives a j)recipitat(* of silver bromide with silver 
nitrate. 


2(C’Il3)-.SbHr + (),> 2(CH3)2SbOBr 

G. T. Morgan and (1. R. Davies, Proc. Roy. Soc. (London), IlOA, .530 (1926) HO 
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(CH,)2SbBr 

Zn 1-669 

When dimethylstibine bromide is heated mth zinc in sealed tubes 
filled with carbon dioxide, zinc bromide, antimony, trimethylstibine 
and some antimony cacodyl are formed. Addition of methyl iodide 
to the oily, less volatile part of the reaction mixture produces tetra- 
methyl stibonium iodide and the compound in (e). The latter may 
be prepared from its components. 

(a) 2(CH3)2SbBr + Zn ^ {CH3)2SbSb(CH3)2 + ZnBro 

(b) 3(CH3)2SbSb(CH3)2 4(CH3)3Sb + 2Sb 

(C) (CH3)3Sb + CH3I -> (CH3)4SbI 

(d) (CH3)2SbSb(CH3)2 + 2CH3I ^ (CH3)2SbI + (CH3)4SbI 

(e) 2(CH3)2SbI + (CH3)4SbI + CH3l-^ [2(CH3)2SbI-(CH3)4SbI-CH3l] 

G. T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 532 (1926) 110 


(CH3)2SbBr3 

A 1-670 

On leaving dimethyl antimony tribromidc in a desiccator, the crystal- 
line substance becomes viscid with loss of methyl bromide and finally 
resolidifies to methylstibine dibromide, which melts at 42° after re- 
crystallization from carbon disulfide and ether. The compound is non- 
inflammable. 

(CH 3 ) 2 SbBr 3 ^ ClLSbBrs + CHjBr 

G. T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 533 (1926) HO 


(CH3)2SbCl 

CI 2 1-671 

To prepare dimethyl antimony trichloride, 10 grams of dimethylstibine 
chloride is added to 50 ml. of carbon disulfide saturated at about —15° 
with chlorine. Chlorination is continued until a brown color develops. 

The white, crystalline compound which forms is collected and dried 
under vacuum; m.p. 105-110° with evolution of gas. The compound 
loses methyl chloride, leaving a colorless, oily liquid. 

(CH3)2SbCl + CI 2 ^ (CH3)2SbCl 3 

G. T. Morgan and G. R. Davies, Proc. Roy, Soc. (London), IlOA, 528 (1926) HO 
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(CH3)2SbCl 


1-672 


Dimethyl stibine oxychloride is obtained when dimethyl stibine chloride 
is allowed to oxidize slowly. The product is odorless, white, amor- 
phous, and moderately soluble in hot water. 

2 (CH3)2SbCl + O 2 2 (CH3)2SbOCl 

G. T. Morgan aiul O. R. Davies. Proc. Roy. Hoc. (London), IlOA, 525 (1926) IIO 


CHnSbCl 


Cl 


1-673 


Alethylstibine dichloride takes up chlorine in carbon disulfide forming 
an oily methylantimony tetrachloride which on warming yields anti- 
mony trichloride. 

(a) C'HaSbCl.. + C’l, -- CHaSbCU 

(b) C'lIaSbCU SbCb 4- (CII 3 CI) 

G. T. Morgan aiul G. R. Davies. Proe. Roy. Soe. (London), IlOA, 527 (1020) NO 


CllaSbCU 


H,0 


1-674 


White, amorphous methylstibine oxide is prepared by agitating methyl- 
stibine dichloride with water, the .solution being kept neutral by the 
occasional addition of dilut(* alkali. ITydriodie acid converts it to 
methylstibine diiodide. 

(a) ' CHaSbClo + II 2 O CllaSUJ + 21101 

(b) OHaSbO + 2HI -> CHaSbIa + II 2 O 

G. T. Morgan and G. R. Davies, Proe. Roy. Soe. (London), IlOA, 5.34 (1926) 


IIO 


OH3Si)Cl2 


H,S 


1-676 


The action of hydrogen Milfide on any methylstibine diluilide forms a 
lemon yellow precipitate which is slightly soluble in benzene or carbon 
disulfide. The product from either of these solvents is un amorphous, 
yellow powder which fu.ses at about 70° to a resinous mass, and consists 
of methylstibine sulfide. 

CllaSljChd- GHsSbS 4- (21IC1) 

G. T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 53.3 {102(P 


IIO 
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(CH3)2SbCL 

A 1-676 

Methylstibine dichloride is obtained when dimethylantimony trichloride 
is heated at 600 mm. pressure to drive off methyl chloride. The oil is 
distilled at 115-120°/60 mm. It is decomposed by water, yielding 
methylstibine oxide, CHsSbO. 

(a) (CH3)2SbCl3 CHaSbCU + CHaCl 

(b) CHaSbCL + HoO ^ CHsSbO + (2HC1) 

G. T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 533 (1926) 110 


(CH3)3SbCl2 

A 1-677 

Trimethyl antimony dichloride is heated in a distilling flask under 600 
mm. pressure in a current of carbon dioxide, giving methyl chloride 
and dimethyl stibine chloride, b.p. 155-160°/750 mm. The latter is 
spontaneously inflammable in air at 40° and has a pungent, disagreeable 
odor. With chloroplatinic acid it fonns an orange precipitate. 

(CH 3 ) 3 SbCl 2 (CH 3 ) 2 SbCl + CH 3 CI 

CL T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 525 (1926) 110 

(CH3)2SbCN 

O 2 1-678 

Dimethylstibine cyanide is readily oxidized by air to dimethyl anti- 
monyl cyanide, a white crystalline compound which sintei-s slightly at 
120° and decomposes at higher temperatures. 

2(CH3)2SbCN + (>2 ^ 2(CH3)2SbOCN 
G. T. Morgan and V. E. Yarsley, Proc. Roy. Soc. (London), liOA, 536 (1926) HO 


(CH3)3SbCNBr 

H 2 O 1-679 

Trimethyl antimony cyanobromide is readily hydrolyzed to trimethyl 
antimony hydroxobromide. The compound is white, crystalline, sol- 
uble in cold water, and separates from alcoholic solution in lustrous 
white needles which decompose without melting when heated. 

(CTDaSbC'NBr + H.O ^ (CH3)3Sb{OH)Br -f (HCN) 

G. T. Morgan and K. Yarsley, Proc. Roy. Soc. (London), IlOA, 536 (1926) HO 
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(C-H3)3SbCXBi 


1-680 


T. rimethylstibiue c*yi.inobroiiii(lo hciitod to H)0° iit 10 inin. pressure in 
an air-free apparatus forms dimethylstibinc cyanide. The eompoimd, 
purified by rosublimation, melts at 1 18“l 14'*, luis a nauseating odor, and 
is insoluble in water but solulde in ether or alcohol. 

(Cn43)aSbCXBr -> (C’ir3),SbC'X -f C'HaBr 

G. T. Morgiui and V. K. Yaisloy. IVor. Uoy. Sot*. (London), llOA. 536 (1926) 110 


(('Il3)2Sl)I 


1-681 


Slow oxidation ot dimethylstildne iodid(‘ with air forms pale yellow, 
amorphous dimethyl antimonyl iodide. Tlie compound is slightly 
soluble in hot water and .slowlv livdrolvzes bv warm solutions to di- 
methylstil)inic acid. 

2(C’Il3)2SbI + (), — 2(C'Il3)2Sb()I 

G. T. Morgan and (1. It. Davies, l*roc. Uoy. Soc. (London), IlOA, 532 (1926) 110 


(C'H3)->SbI.i 


1-682 


Dimetliyl antimony triiodide spontaneously decomposes to methyl- 
stibinc diiodide which crystallizes from carbon di.sulfide in rosettes of 
bright yellow needles melting at 1 10°. 'I'Ik' compound is stable in air 
but hydrolyzes wiv slowly in hot water. It is v(‘ry soluble in hot 
carbon disultich', etlier oi‘ benzene an<l sparingly solubU‘ in light 
petroleum. 

-> cittSbi-. + ('II;, 1 

G. 4’. Morgan and (j. U. Davies, Proc. Uc»y. So<-. (Loinlon), 110A» 53(5 (1926) 


no 


(('Il 3 )-.-Sl)OBr 

H2O 1-683 

Prolonged boiling of dimethyl antimonyl l)romide with water, or reac- 
tion with sodium hydroxide solution followcal by acidification with acetic 
acid, produces amorphous dimethylstibinic acid. 

(a) (('lI:,):.Sb()Br + lld>“> (Clid-SbOOlI + Illir 

(b) (Cll3)-.Sb()15r + 2Xa()ll > (( '1 l:,):.St)< )< )Xa + XaBr + I Id) 

(c) (CIl 3 ).;Sb()()Xa -b — ((’Ib)-jSb()()lI -f- (’IbCOOXa 

G. T. Morgan and G, It. Davies, I’roe. Uoy. Soe. (I>ondon). IlOA, 530 (19261 


no 
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(CH3)2SbOBr 

HoS 1-684 

Hydrogen sulfide is rapidly passed into a suspension of dimethyl anti- 
monyl bromide in water, foiming a light yellow precipitate which is 
partly soluble in carbon disulfide. The soluble fraction recovered 
from the carbon disulfide is bisdimethyl antimony trisulfide, m. 76-78°. 

2(CH3)2SbOBr + SH^S (CH3)2SbSSSSb(CH3) 2 + (2H2O + 2HBr) 

G. T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 531 (1926) HO 


(CH3)2SbOCl 

H 2 O 1-685 

When dimethyl stibine oxychloride is boiled in water for over 8 hours, 
it is converted into amorphous dimethyl stibinic acid. 

(CH3)2SbOCl + H2O (CH3)2SbOOH + (HCl) 

G. T. Morgan and G. R. Davies, Proc. Roy. Soc. (London), IlOA, 525 (1926) HO 


(CH3)3Sb(OH)2 

HCl 1-686 

Trimethyl antimony hydroxochloride is precipitated as a white, floccu- 
lent mass on adding concentrated hydrochloric acid to an aqueous 
solution of trimethyl antimony dihydroxide. The hydrochloride is 
soluble in water and crystallizes from ether in plates and from alcohol 
in silky needles. 

(CH3)3Sb(OH)2 4- HCl ^ (CH3)3Sb(OH)Cl + (H2O) 

G. T. Morgan and V. E. Yarslcy, Proc. Roy. Soc. (London), IlOA, 537 (1926) HO 


(CH3)3Sb(OH)2 

PCI 5 1-687 

When trimethyl antimony dihydroxide is gently warmed with phosphorus 
pentachloride in slight excess, trimethyl antimony dichloride is ob- 
tained in well defined, colorless needles. 

oCClDoSbCOH). -h 2PC16 5(CH3)3SbCl2 + (2H3PO4 + 2H2O) 

O. T. Morgan and V. E. Yarsley, Proc. Roy. Soc. (London), IlOA. 537 (1926) HO 
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(CH3)3Sb(OH)Br 

AgaO 1.038 

H 2 O 

Trimethyl antimony diliydvoxide is pi’epaved by warming 2 g. of tri- 
methyl antimony hydroxobromide with 1 g. of silver oxide in 10 ml. of 
water on a water bath and filtering. The product separates from the 
filtrate in colorless, microscopic, slightly hygroscopic crystals. The 
compound forms a pale yellow precipitate with aqueous picric acid. 

2(CH3)3Sb(OH)Br + Ag^O + H 2 O 2(CH3)3Sb(OH)2 + (2AgBr) 

G. T. Morgan and V. E. Yarsley, Proc. Roy. Soc. (London), IlOA, 536 (1926) 110 


Bids 1-689 

Bismuth trichloride (1 mole) is slowly added to triphenyl stibine (1 mole), 
both in dry ether. A yellow precipitate containing inorganic com- 
pounds of bismuth and arsenic is formed. After decanting and evap- 
orating the ether, the latter is found to contain triphenyl antimony 
dichloride. Bismuth dichloride is probably among the inorganic reac- 
tion j)roducts. 

(2BiCl3 -h (CcH5)3Sb ^ (CcIU)3-SbCl2 + BbCb) 

Frederick Challenger and Leslie R.Ridgway, J. Chein. Soc. (London), 121, 115, 

116 (1922) 4S 


cm 


(C'6lU)3Sl) 


1-690 


Triphenyl stibine reacts with cyanogen iodide in ordinary ether, giving 
triphenyl antimony hydroxyiodide in lorm of a white precipitate turn- 
ing yellowish })rown, (a). I'pon heating, this substance liberates iodo- 
benzeno, (b). With alcoholic silver nitrate, triphenyl-antimony- 
hydro.xynitrate is formed, (c)- 


(a) (CNI -h + IICN) 

(h) ((C'cll5)3Sb(()H)T -> Celhl + {CclUh-^hOn 

(c) (C 6 H 5 ) 3 Sb(On)l + AgNOa -> ((’ 6 n 5 ) 3 Sb( 0 II)N 03 + Agl) 


John F. Wilkinson and Frederick F. C'hallonger, J. Chem. Soc-., 126, 800 (1924) 


48 
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{C,lh)Sh 

HgCl. 1.691 

Triphenyl stibinc and alcoholic mercuric chloride react to form mercury- 
phenyl chloride, antimony trichloride, mercurous chloride and tri- 
phenyl stibine dichloride. 

(2(C6H5)3Sb + SHgCh -> SCCeHsl-HgCl + SbCb + Hg^Cl, 

+ (C6H6)rSbCl2) 

Frederick Challenger and Leslie R. Ridgway. J. Chem. Soc., 121, 106 (1922) 48 


PCI 3 1-692 

1 riphenyl stibine (10 grams), when treated with phosphorus trichlo- 
ride- (4 grams) in light petroleum, yields triphenylantimony dichloride. 

The mother liquor consists chiefly of hypophosphorous acid, but there 
are traces of antimony oxychloride and of halogen tlerivatives of terva- 
lent antimonj'. ith ferric chloride, the solution becomes slightly 
turbid, indicating the presence of traces of phenylphosphinous acid. 

{(CfilDsSb + PCI 3 + 2IL() ^ (C’6H5)3SbC’h + H 3 P ()2 + HCI) 

Frederick Challenger and Freda Pritchard. .1. Chem. Snc., thondon), 126:1, 870 
(1924) 48 

{C,U,)Sh 

TICI 3 1-693 

When triphenyl stibine is treated with thallic chloride, triphenyl 
stibine dichloride and thallous chloride are obtained. 

((C6H5)3Sb + TICI 3 (C,Il5)3SbC’b 4- Ticn) 

.\. E. Cloddard and Dorothy Goddard, J. Chem. Soc., 121, 483 (1922) 4S 


(C'filDaSbC’b 


TlCl 




1-694 


3.0 gr. of triphcnyl antimony dichloride and 3 gr. of thallium trichloride 
ar(‘ boih'd in xylene for two hours. After standing for a week, a residue 
of thallium monochloride is filtered otT. After six months standing, 
metallic antimony is obtained in form of shining plates. Unchanged 
t riphenyl antimony dichloride is also present in this residue. 

((C’6ll5).,SbCl, + TICI 3 TlCl -f- SI) + SCelhCl + i Cb) 

.\rchibuld E. Goddurd. .1. Cliem. Soc., 123, 1161 (1923) 


48 
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Br. 


[C6H3(CIl3)o|3SI) 


1-696 


lo 2 grams of tri-m-xylyl stihone in 5 cc. of cliloroform, bromine is 
added until the solution is just colored. On evaporation, tri-m-xylyl* 
antimony dil^romide is ol^tained. 

((C6ir3(Cn3)>)3Sb + Hr,^ (C'6H3(C’H3).>)3SbBr,l 
Archibald E. Oocldard. J. Ciicjo. Soc.. 123, 2320 (1923) 


48 


Cl 


[CcH3((’n.)2l3Si 


1-696 


A chloroform solution of tri-m-xylyl .stibine is saturated with chlorine 
and allowed to evaporate spontaneously; small white granular crystals 
of tri-m-xvlvl antirnonv dichloiide are formed. 

((C 6 H 3 (c'n,)o) 3 Sb + c'l. — ((-6113(0113)2)381, Cl.) 

Archibald E. Goddard, J. C'hoMn. Soc., 123 , 2319 (1923) 


48 


fC6H3(cn3)*>lsSi> 


HNO 


1-697 


Tri-in-xylyl-stil)ine is .slowly added to nitric acid, complete solution 
taking place. After warming, the mixture is poured into water and a 
white flocculent precipitate of tri-5-nitrotri-m-xylyl-antimony-dinitrate 
is formed. Tlie product can be obtained in crystalline form after r(‘- 
pcated cn'stallizations from alcohol. 

[(C6H3(CH3)-.)3Sb -f 5HNO3 

-> (C’ 6 lL.(CTl 3 )>-N().>) 3 Sb(N() 3)2 + S\W + (HOI 

Archibald K. Goddard. .J. Ghoin. Soc., 123, 2320 (1023) 


48 


|(’6li3((dl3)2hSb 


HgCl. 


1-698 


Tri-ni-xylyl stibine in absolute alcohol is added to mercuric chloride in 
the same solvent. By slow evaporation of tin* mixture, fri-m-xylyl 
antimony mercurichloride is obtained. When recrystallized from ether, 
this compound can be obtained in torm ol fine needles. 

[(C6H3((’n3)03Sb -b HgC’b-* (C’6H3(('H3)2)3Sb-irg('l,] 

Archibald E, (loddani, - Clifin. Soc., 123, 2.120 (I92.tl 


48 
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(CioH7)3Sb 

CI 2 1-699 

By adding 2 grams of solid tri-a-naphthyl stibine to a solution of 0.3 
gram of chlorine in carbon tetrachloride and diluting this mixture with 
light petroleum, the dichloride of tri-a-naphthyl stibine is obtained. 

The dibromide is obtained in the same way. 

[(CioH7)3Sb -t- Cb ^ (CioH7)3SbCb] 

F. Challenger and Freda Pritchard, J. Chem. Soc., 126,869 (1924) 45 


[C6H2(CH3)2-N02]3Sb(N03)2 

NH 3 1-700 

NH4CI 

Tri- 5 -nitro-tri-m-xylylantimony dinitrate is added to boiling alcohol 
containing ammonium chloride, ammonia and zinc. After prolonged 
heating, filtering, etc., crude tri- 5 -aminotri-m-xylyl stibine is obtained. 

((C6H2(CH3)2-N02)3Sb(N03)2 + SNH^ + 2NH4CI 

(C6H2(CH3)2-NH2)3Sb + 2NH4NO3 -I- 3HNO2 + CU 

Archibald E. Goddard, J. Chem. Soc., 123, 2321 (1923) 45 


[C6H2(CH3)2*N02]3Sb(N03)2 

NH 4 HS 1-701 

If through a boiling alcoholic solution of tri- 5 -nitrotri-m-xylyl anti- 
mony dinitrate a stream of hydrogen sulfide is passed in presence of 
concentrated ammonia, a precipitate of tri- 5 -nitrotri-m-xylyl stibine 
will be obtained on cooling. 

[(C6H2(CH3)2*N02)3Sb(N03)2 + 2NH4HS 

(C6H2(C H3)2-N02)3Sb -f 2XH4NO3 -h H2S + S] 
Archibald E. Goddard, J. Chem. Soc., 123, 2320 (1923J 45 


CoSb 

CI 2 1-702 

% 

Wlien cobalt antiinonide is heated with chlorine, a strongly exotheimic 
reaction takes place and antimony trichloride distills over. 

C'oSl> + 3CI2 ^ SbCb + (C0CI3) 

E. Ducolliez. Compt. rend., 147, 1050 (1908) 55 
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CoS!) 

HNOs j.703 

Dilute or concentrated nitric acid rapidly dissolves thecobaltin cobalt 
antimoniile and lea\’es a deposit of antimony trioxide. The same tj'^pe 
reaction occurs when cobalt diantimonide is treated with nitric acid. 

(a) 2CoSb + 8HN()3-> 2 Co(N 03)2 + + (-IH2O + NO. + 3 NO) 

(b) CoSba 4- GHNO3 Co(N03)2 + SboOs 4- {SlhO + 2X0. 4- 2N0) 

F. Ducelliez, Coinpt. rend., 147, 1050 (1908) 38 


CoSb 

0i 1-704 

Cobalt antunonide burns, when heated with oxygen, evolving va- 
pors of antimony trioxide. 

The same products are obtained when colialt diantimonide is heated 
with oxj^gen. 

(a) 2CoSb 4- 3O2 Sb.Og + (C02O3) 

(b) dCoSb. 4- 90. -> 4Sb.>03 4“ (2C02O3) 

F. Ducelliez, Compt. rend., 147, 1050 (1908) 38 


CoSbo 


Cl. 


1-706 


When cobalt diantimonide is heated with chlorine, a strongly exothermic 
reaction takes place and antimony trichloride distills over. 

2CoSb.> + OCb -> dSbCb + (2C’oCl3) 

F. Ducelliez, Coinpt. rend., 147, 1050 (190S) 38 


HSbCU 

C^HsN 1-706 

AgNOg 

CUSO4 

A solution of metachloro antimonic acid in 80% alcohol will react with a 
concentrated solution of silver nitrate to which alcohol and pyridine 
has been added. The resulting precipitate of yellow color is silver 
metachloroantimoniati' didipyridine. 'Phe same type reaction occurs 
with copper sulfate. 

(a) HSbCle 4- AgXO:, + 2C5HSX ^ AgSb C l6- 2C5l-l 5X + (IIXO.,) 

(b) 2HSbCl6 + C’uSO, 4- 5C5II5N Cu{H hCUh -5C,}hy 4- (ITSO,) 

R. F. Weinland and H. Schmid, Z. anorg. Chem., 44, 37 (1905) ^8 
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HSbCU 

NHs 1-707 

AgNOs 

CUSO4 

Ammonia and silver nitrate solution are added to a freshly prepared 
solution of nietachloro antimonic acid; a crystalline precipitate of yel- 
low color, silver metachloro antimoniate-diammoniate is obtained. 

The same type reaction occui'S Avith copper sulfate. 

(a) HSbCU + 3NH3 + AgN03-> AgSbCU-2NH3 + NH4NO3 

(b) 2HSbCU + 7NH3 + CUSO4 Cu(SbCU)2-5NH3 + (NH4)2S04 

It. F. Weinlaiul and H. Schmid, Z. aiiorg. Chem., 44, 37 (1905) 28 


HSbCU 

NH3 1-708 

C5H5N 

CgHrN 

A freshly prepared solution of metachloro antimonic acid will react 
with an excess of ammonia yielding basic metachloro antimonic acid- 
diammoniate. The same type reaction occurs with pyridine and 
(juinolinc. 

(a) HSbCU + 2NIU ^ I ISbCU-2NH 3 

(b) HSbCU -h 2C3H5N HSbCU • 2C6 HsN 

(c) HSbCU + 2C9H7N PISbCU - 2C9H7N 

It. F. Weinland and H. Schmid, Z. anorg. Chem., 44, 37 (1005) 28 


HSbCU 

NH 3 1-708 

CdS04 

ZnS04 

NiS04 

Ammonia and cadmium sulfate solution are added to a freshly prepared 
solution of metachloro antimonic acid. A crystalline precipitate of 
yellow color, cadmium metachloro antimoniate heptammoniate is ob- 
tained. The same type reaction occurs when zinc sulfate and nickel 
sulfates are used. 

(a) 2HSbCU + 9 NH 3 + CdS 04 ^ Cd(SbCU) 2 - 7 NH 3 + (NH4)2S04 

( 1 >) 2HSbCU + r>NH3 + ZnS04 ^ Zn(SbCU)2-4NH3 + (NH4)2S04 

fc) 2HSbCU 4- 8 NH 3 + NiS 04 Ni(SbCU) 2 - 6 NH 3 + (NH4)2S04 

1{ F. Weinland .and H. Sehmid, Z. anorg. Chem., 44, 37 (1905) 
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HSb02 


1-710 

^Vntimony has boon determined quantitati\'ely by means of 0.1 N iodine 

in an alkaline solution. The reaction is carried out in the presence of 
ammonium sesqui-earbonate. 


2Sb02H + 21. + H 2 O SbiOt, + 4HI 

A. Blanchetidre, Bull. Soc. Clnrn. (IV), 27. 479 (1920) 


Ce(S04)2 



Trivalent antimony is (luantitatively oxidized by ceric sulfate. 
(HsSbOa -i- 2Ce(S()4)2 + H.O ^ HoSb04 + Ce2(S()4)3 + 

Willard and Young. J. Am. Chem. Soc., 60. 1376 (1928) 

Ref,, McNabb and Wagner, .\nal. I-M., 2, 251 (1930) 


1-711 




H3Sb04 


1-712 


Pentavalent antimony is reduced in the cold by hydriodic acid, iodine 
being liberated. 


llSbOi + 2HI ^ IlaSbOa + 21 -f- IW 

Scott, ‘'Standard Methods of Chemical Analysis,” P. 25 (1922) 

Ref., MeXabb ami Wagner, .\ual. Pd., 2, 251 (1930) 33 




1-713 


If an aqueous solution of hydrogen sulHd(‘ is add(‘d 
oxidized solution of ortboantimonic acid antimony 
precipitated. 


to a completely 
pcntiisulhd(‘ is 


(2H4SI>0., + SHoS -> SboSs + 8I1.>0) 

Otto Bo.sek, J. (’hem. Soc. (London). 67, 519 (IS95) 


103 



H.,S1)(),, 


1-714 


Antimonic acid is reduced to autiinoiious on .shaking violently for five 

minutes witli nuu-curv. its .<olutiot» containing one-fourth or one-third 

% 

its volume of conctmtrated hydiochloiic acid (sp. gr. 1.19). Owing to 
the air present, a small amount (»f meicuiic chloride is also foi-rned. 

H3Sb()4 + 2Hg + 2II('l -> IlaSldb + 2IIg('l + lU) 

McCoy, Ind. Png. ('In-m., Anal. Pd., 5, I (1933) 
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H3Sb03 

I 1-716 

Trivalent antimony is oxidized by iodine. 

(HsSbOa + 21 + H 2 O -> H3Sb04 + 2HI) 

Mohr, “Lehrbuck der Titriermethode”, p. 261 (1862) 

Ref., McNabb and Wagner, Ind. Eng. Chem., Anal. Ed., 2, 251 (1930) SS 


HaSbOs 

KBrOa 1-716 

Trivalent antimony is oxidized by potassium bromate in hydrochloric 
acid solution at room temperature. 

SHaSbOs + KBrOa -> 3H3Sb04 + KBr) 

St. Gyory, Z. Anal. Chem., 32, 415 (1893) 

Ref., McNabb and Wagner, Ind. Eng. Chem., Anal. Ed., 2, 251 (1930) SS 


HaSbOs 

K.CrjO; 1-717 

Trivalent antimony can be quantitatively oxidized by dichromate using 
diphenylamine as indicator. 

(SHsSbOa + KaCiaOi + 8HCi -> 3H3Sb04 + 2CrCl3 + 2KC1 + 4 H 2 O) 

Knop, Z. Anal. Chem., 63, 96 (1923) 

Ref., McNabb and Wagner, Ind. Eng. Chem., Anal. Ed., 2, 251 (1930) SS 


HjSbOa 

KMn04 1-718 

Trivalent antimony is oxidized by permanganate in hydrochloric acid 
solution. 

(SHaSbOa -h 2K]\In04 + 6HC1 H3Sb()4 + 2MnCl2 -h 2KC1 + SHzO) 

Kessler, Z. .\nal. Chem., 2, 386 (1863) 

Ref., McNabb and Wagner, Ind. Kng. Chem., .\nal. Ed., 2, 251 (1930) 

H3Sb04 

KI 1-719 

Aiitimouic acid oxidizes potassium iodide releasing free iodine by this 
reaction in the presence of hydrochloric acid. 

11381)04 + 2KI + 2HCI ^ 2KC1 + ILSbOj + L + H2O 

Demorest, J. Ind. Eng. Chem., 2, 80 (1910) 
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11^81)04 

T1CI3 j_Y2o 

PentaMileut antimony can be (inantitatively reduced by titanous 
chloiide, the end point b('inj^ determined potontiometrically. 

(H3Sb04 H- 2TiC‘b + 2M(’l -> IbSbO., + 2TiCl, -h H^O) 


Koltoff, “Volumetric Analysis”, 2, :iUo. 410, 401. (1929) 
Ref., McNjibb and Warner, .\nal. K«I., 2, 2o! (1930) 


33 


Il3Sb()4 


1-721 


Antimony pentoxide is lormed wlieii antimonic acid is heated at 275°C. 

(a) HaSId), -- IlSbOa + 11,0 

(b) 2HSI)()3 -> Sb,05 + n.o 

Geuther, J. iirakt. Chem., 4, 43S (isji)} 

Ref., Ann., 186, 111 (1877) 


/ 


lUSbOoS- 


H 2 O 1-722 

Dithio antimonic acid decomposes witii water yielding a \’ariety of 

products. 

SbIsSbOoS, ' — > SbnSs -f- 2Sb,S3 -b 5S T Ils^bOi -f- H.,SbO;j -j- 9 H 2 O 
McCay: .\m. Cheni. J., 17, 778 (ISO.'^) J 


lvSbF« 

C 2 iH„N,0.> C 2 H 4 O, 1-723 

C23H2CN2O4 ■ C2H4O, 

Ci7H,iN04HC1 

-V solution (jf potassium fluoant imonate will aaict witli strychniiK' 
acetate yielding cry.stals of stryclmiiu' fluoantimonate. 'I’lie same 
type reaction occurs with brucine ae(“tate and eoeaiia' liydrochloride. 

(a) 2KSbFc + 2 C,iir 22 X,(),-(’-,ir, 0 , + l!,0 

-> ((■.Mn„x,o, nsbK6)2-ii’0 4- 2KC’2H30, 

(b) KSbFe + CVr26NL><>rC',Il40> + \U> 

> (ViH2r,X-.O.rHSbF6-H20 + KOdM), 

(c) KSbFc + C’lTfbiXOi IlCi • C.rn^X'th llSbFc + K('l 

W. Lange anti K, Askitapoulos, Z. ancng. ('lieni., 223, 309 (i93.">i 


^8 
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KSbOs 

AgNOa 1-724 

KOH 

Metallic silver is obtained when silver nitrate reacts with potassium 
antimonite in alkaline solution. 

2AgN03 + GKSbOs + 2KOH 

^ 4- ISbOgK + ^ + 2KNO3 + 2KOH 

W. Pillitz, Z. anal. Chem., 21, 27 (1882) 28 


KSbOs 

HCl 1-726 

Potassium metantimonate is energetically attacked by dry hydrogen 
chloride, heat being liberated. 

KSb03 + GHCl -> KCl + SbCb + CL + 3H2O 

Thomas, J. Chem. Soc., 33 , 372 (1878) 9i 


KSh04 

H 2 F 2 1-726 

\ery thin rhombic leaves of a double salt are obtained when gummy 
potassium antimonate is dissolved in hydrofluoric acid, 

K 3 Sb 04 + 4H2F2 — > SbFs’KF + (K2F2 + 4H2O) 

Marignac, Ann., 146, 243 (1868) / 


K3Sb04 

HNO 3 1-727 

Antimoiiic acid is formed when potassium antimonate is treated with 
nitric acid. 


K3Sb04 + 3HNO3 ^ H3Sb04 + (3KNO3) 

Geuther, J. prakt. Chem., 4, 438 

Ref., Ann., 186, 111 (1877) / 
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(CH3)4N0H 


K2H2Sb207 


1-728 


HF 


A solution of 4 g. of dipotussium diliydrogon pymantimoiiate and 2.2 g. 
of tetramethyl ammonium hydroxide in an excess of 40% hydrofluoric 
acid is evaporated on the water bath. Crystals of tetramethyl am- 
monium fluoantimonate are obtained. 

K2H2Sb207 + 2(CH3)4X*0II 4- 7 II 2 F 2 

2 (CH 3 )^NSI)F 6 + K2F2 + 9H2O 

W. Lange and K. Askitopoulos, Z. anorg. Chem.. 223, 3G0 (1935) 


28 


HCl 


1X211281)207 

Hydrochloric acid acts on dipotassium diliydrogen pyroantimonate 
3'ielding potassium chloride, antimony pentachlorido and water. 

1X211281)207 + 121101 2K01 + 281)C45 + TII.O 

G. K. Bcrgh, S. Farm. Tidskr. 8, 338 (1904) 


1-729 


10 


1x81)00,1 liOe 


HNO 


1-730 


Tartar emetic reacts with nitric acid precipitating antimonioiis acid. 

Ix8bO0aiiO6 4- HXO.) + 21120 -> O^IUOo + KXOj + H38b03 

Clarke and Stailo, J. .\m. Ohom. Soc., 54, 441 (1932) 


/ 


K(8bO)Cdl406 

I2 

NaHCOa 


1-731 


The iodometric titration of tartar emetic is a well known analytical 
procedure in Avhich the following reaction is involved. 


3 I 2 4“ 2Ixf8bO)C4n,Oc + 12 XallOOa 

— * 2Xa281)Oj 4“ hXal 4~ 21xXaC4il.,Os 4“ (illcO 4“ 


12OO2 


Lonald Starr, Iiul. luig. ('hem , .\tia). 


I-;. I,. 11, 519 (1939; 
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KSb0C4H406 

Na2B407 1-732 

Antimony trioxide precipitates when solutions of borax and tartar 
emetic are mixed and allowed to stand. 

2KSb0C4H406 + Na.B^Oy + 6IT2O 

2KNaC4H406 + ^3 + 4 H 3 BO 3 

J. H. Long, J. Am. Chein. Sof., 17, !)2 (1895) 1 


KSIjOCMLOc 

NaCoHsO. 1-733 

Hydrated antimony oxide is precipitated when either hot or cold solu- 
tion of sodium acetate and tartar emetic is mixed and allowed to 
stand. 

2KSb()C,H40r. + 2NaC2H302 + 2II2O 

2KXa('4H4()6 + Sb^Oa-LLO + 2 HC 2 H 3 O 2 

J. H. Long, J. Am. Chem. Soc., 17, 89 (1895) / 


KSbOC^lLOo 

Na.CO^ 1-734 

Hydrated antimony trioxide is formed along with the evolution of 
carbon dioxide when hot .solutions of tartar emetic and sodium car- 
bonate are mixed. 

2KSb()C'4Hi()6 -h NasCOs + HnO 

^ 2KNa(‘4H4()fi + ShnOa-HsO + CO2 

.1. II. Long, J. .\m. (Miom. 80c.. 17, 88 (1895) / 


KSbOCiILDe 

Na,.HPO, 1-736 

Hydrated antimony oxide is precipitated when solutions of disodium 
acid orthophosphate and tartar emetic are mixed and allowed tostand. 

NaoHPO, + 2KSbOC4H4()c -f 2 H 2 O 

* 2IvNaC 4H4t)6 “h lSb20,TH20 -f- H3PO4 

•I. H. Long. J. Am. Cliem. Soc.. 17, 89 (1895) ^ 
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KShiKWUh 

1-736 

A bright rod prociihtate is formed when a cold solution of potassium 

antimonyl tartrate is added to a eold solution of sodium thiosulfate and 
the mixture boiled. 


2Xa2S,03 + 4KSb()C4H406 

dSbSO. + (K4C4lT4(^6 + Xa,(’4H4()6 + 2C'C)2 + 4H2() + OCO) 

Pharin. Post., 33 , 233 (lUOO) 

Kef., J. Chem. Soc. (London). 78, oOS (li»0()) 




KSb()C’4H,()6 


1-737 


A precipitate of antimony trisulfide is formed when solutions of .sodium 
thiosulfate and tartar emetic are mixed and allowed to stand. (Reac- 
tion varies with conditions of cone, and temp.). 


(a) 2 KS]) 0 C 4 H 40 fi + XaoS.>()3 -h IbO 


Shot), + 2KXaC'4M406 + 


(b) Nb203 -|- 2Il2^2tb Sb^Sj -|- 2II->0 SO-j -f- 5(0) 

J. H. Long, J. Ain. C’heni. Soc., 17, 102 (ISiloi 


KSbOCMI.Oe 

Na2W04 1-738 

Antimony trioxide is precipitated when solutions of .sodium tungstate 
and tartar emetic are mixed and a]low(*d to stand. 

2K8b0C4H406 + Xa-AVO, -> 2KXa(',H4()c + Sb.>()3 + {W(h) 

J. 11. Long, J. Am. Chem. Soc., 17, 1)S (ISOo) / 


BaCb 


2K(S1)( ))(’4H406 H20 


1-739 


If solutions containing e([uivalent amounts of tartar (*metic and barium 
chloride be mi.xed, barium antimonvl tartrate is olitainerl. 

T • 


(2K(Sb())(’4n4()f, II..() 4- Ha(’l. 

(C’4lI,(SbO)(>6)2Ba + 2K(’l + 2\U}) 

C'liarles Lea and John K. Wontl, J. Chem. Soc., 123, 261 (1923) 
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2(KSb0-C4H406)-H20 

C 1-740 

Tartar emetic heated with charcoal liberates the element antimony. 

2C + (O2) + (KSb0-C4H406)2-H20 2Sb + (5H2O + K2CO3 + 9C0) 

H. Brereton Baker, Trans. Roy. Soc. (London) 179A, 571-91 (1889) 105 


2 K(Sb0)C4H406-H20 

HCl 1-741 

When hydrochloric acid is added to a solution of tartar emetic, a white 
precipitate of the hydrated antimonious oxide shown in (a) is fonned. 
When standing in contact with a large volume of water for 6 months, 
the oxide is dehydrated, and anhydrous antimonious oxide in the form of 
octahedral crystals is obtained, (b). 

(a) (2K(Sb0)C4H406-H20 + 2HC1 + 3.2IH2O 

-> 2C4H6O6+ Sb203-4.21H20 + 2KCI) 

(b) (Sb203-4.21H20 ^ Sb203 -f 4.2IH2O) 

Charles Lea and John K. Wood, J. Chem. Soc., 123:1, 261 (1923) 4S 


2K(Sb0)C4H406-H20 

NasCOa 1-742 

When a solution of tartar emetic is treated with a slight excess of so- 
dium carbonate solution, a white precipitate of hydrated antimonious 
oxide is fonned. The degree of hydration of this oxide varies with the 
temperature of precipitation: at 100°, the oxide contains 0.09 molecule 
of water, whereas at 0° 0.41 molecule of water is present. 

(2K(Sb0)C4H406-H20 -h Na 2 C 03 

^ 2C4H,OcKNa + Sb203-.41H20 + CO2 + l.SOH.O) 

Charles Lea and John K. Wood, J. Chem. Soc., 123:1, 261 (1923) 4^ 


€ 


K(Sb0)-C4H406-H20 


1-743 


A solution of tartar emetic was electrolyzed in the presence of excess 
tartaric acid, u.==ing a mercury cathode. The crystalline variety of anti- 
mony deposited and formed an amalgam. 

2K(Sb()) C4H,Ofi.H20 -{- 2 H 2 O 

^ 2 Sb + 2H2C4H4O6 + 2 KOH + H2O + 3 ( 0 ) 

' C. Gore, Trans. Roy Soc. (London), 149, 807 (1860) 
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(K(Sb())C,H4()o).H2() 


1-744 


A solution of five parts tartar emetic, five parts tartaric acid, two parts 
hydrochloric acid, and thirty parts water produces gray crystalline 
antimony when electrolyzed. 

(K(Sb0)C4H406)2H20 + 2 H 2 O 

2Sb + 2H2C4H406 + 2K()II + 3(0) 

G. Gore, Trans. Roy. Soc. (London), 148, 185 (1859) 


105 




1-746 


An orange-red compound is formed when potassium antimony thio- 
sulfate solution i.s boiled. Corresponding products are formed when 
sodium antimony thiosulfate is heated. 


(s-) 2I\3Sb(b203)3 — * i5b2S3 ~h 31^2^04 3 SO 2 -1“ 3S 

(b) 2I\3Sb(S203)3 — ‘ 31^2^2^^ ~l“ Sb20S2 -f- dSOi* 

J. V. Szilagyi, Z. anorg. Chein., 113, 69 (1920) 

Ref., J. Chem. Soc. (London), 120, 207 (1921) j 


LbSbSj-SIU) 


HCl 


1-746 


Acids precipitate antimony trisulfide from a solution of lithium ortho- 
thioantimonite. 

2Li3SbS3 4- OHCl ^ SbzSa + (GLiCl -h SH.S) 

I. Pouget, Ann. Chim. Phys., 18, [VIll, 508 (1899) 


2 


LiaSbSa -31120 


SbjSa 


1-747 


A solution of lithium orthothioantimonite saturated with antimony 

% 

sulfide on cooling forms a r<‘d gelatinous pna-ipitate of lithium para- 
thioantimonite. 


-iLisSbSs + 1081)2^3 ()Li2Sb4S; 


1. Puget, Ann. Chiin. Phys., 18, 508 (1899) 
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LigSbSs-SHaO 

A 1-748 

% 

Warmed in a current of hydrogen, lithium orthothioantimonite crystals 
lose the water of ciystallization at about 150°. 

LbSbSa-SHiO LhSbSj + SH.O 

1. Pouget, Ann, chim. Phys., (VII), 18, 508,-571 (1899) 2 


Li^SbSi 

H 2 O 1-749 

Lithium thioantimonate reacts with water to form the dccahvdrate. 

V 

Li 3 SbS 4 + lOHoO LbShS^ -lOHsO 

A. D. Donk, Chem. Weekblacl, 6, 529-551 (lOftH) 2 


2Li3SbS4-17H2() 

CoHbOH 1-760 

At 30° alcohol completely’ dehydrates lithium thioantimonate. 

2Li3SbS4-17H20 ^ 2Li3SbS4 + 17 H 2 O 

F. A. H. Schreinemakers: Chem. Weekblail, 7, 211-216 2 


NasSb 


H 2 O 


1-761 


Sodium antimonide is decomposed l)y water yielding metallic antimony. 

2 Na 3 Sb + 6 H 2 O ^ 2Sh + (iNaOH + SHo 

H. Recklebcn and J. Scheiber, Z. anorg. Chem,, 70, 275 (1911) 


28 


A 


NaSbS. 


1-762 


Sodium sulfantimonide decomposes into sodium thioantimonite and 
antimony trisulfido, when heated, 

» 7 

SNaSbS. NasSbSs + Sb 2 S 3 

(1. F. Bergh, Sv. Farm. Tidskr. 8, 183 (1904) 


10 


AXTLMoxv 



AICI3 


Xa3Si)S4 


Aluniinuni chlorido in ikiucous solution 
monatc with tlio t'onnation of antimony 
the evolution of hydrogen sulfide. 


1-763 

decomposes sodium thiounti- 
tetnusulfide and sulphur, and 


(a) 

(h) 


Xa;,Sl)S^ 4- AK'l, ^ AlShS, + 3XaC’l 
2AlShS4 -f- — 2A1(( )]!):, + SluS, + S + 3H2S 


KirchliolT, /. atior^. (’Iumu.. 122, (iS (102(0 


1 


CHoClCOONa 


Xa3 hl)S 4 


1-764 


A .solution ot sodium thioantimonate will react witli the .sodium salt 

of nionoehloroac(‘tie acid yi(‘lding a pna-ipitate of sodium metatliio- 
antimonite. 

Xa^ShSi 4- 2(’iI..C'K’(K)Xa = XaSl)S.. 4- {Xa( ) ■ C’( ) • ('H^doSj 4- 2XaC’l 

Holiulierji, Z. anorK- C’Ikmu.. 66, 3So (lOaS) 


>8 


XaaShSj 

Cr{NH2 • CHo ■ CH 2 ■ NH2)3Cl3 1-766 

Sodium thioantimonate will r(‘act with (*hromium ethylene diamine 
trichloride vielding vellow crystals. 


XaaSbS, 4- ('r(XIl2 ('II-. ('II.. Xn-)3 C'Ia 

-* Sl>S,(’r(XIl2 (’lI.. (’II., Xl!2).i 4- ;^Xa('l 


<*. Spacu aixl .\ . I’«>p. anal. ('Ik'ih.. Ill, ‘ioo (1937 • 


.18 


HCl 


Xa;iSI)Si 


1-766 


A tetrasulhde of antimonv is formed when .Mulium 

% 

treated with dilute* hydrochloric acid. 

% 


thioantineonate* is 


2Xa3ShS., 4- OIK'I Sh^S., 4- S 4- (iXaC'l 4- aibS 

Kirclihoir , ' 1 . anorg. C ' liciii ., 112, (>7 ( 192(0 

Hof., J, C'hom. Soc. (London), 118, 993 ( 192 ()i / 
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Na3SbS4 

ZnCU 1-767 

A chrome yellow precipitate of zinc thioantimonate is formed by the 
interaction of sodium thioantimonate and zinc chloride in wet condi- 
tion. 

2Na3SbS4 + SZnCU Zn3(SbS4)2 + (GNaCl) 

Kirchoff, Z. anorg. Chem., 112, 67 (1920) 

Ref., J. Chem. Soc. (London), 118, 693 (1920) 1 


mShiOi 

HCl 1-768 

Sodium pyroantimonate is completely converted into the corresponding 
acid when heated in a current of hydrogen chloride. 

Na4Sb207 + 4HC1 ^ H4Sb207 + 4NaCl 

Smith and Hibbs, J. Am. Chem. Soc., 16, 578 (1895) t 


N a2H2Sb20 7 

HF 1-769 

By evaporating a solution of disodium dihydrogen pyroantimonate in 
an excess of a 40% solution of hydrofluoric acid on the water bath 
crj^stals of sodium fluoantimonate are obtained. A similar reaction 
occurs with dipotassium pyroantimonate. 

NasHsSbzOr + 6H2F2 -> 2NaSbF6 -f* 7H2O 

W. Longc and K. Askitopoulos, Z. anorg. Chem., 223, 369 (1935) 


Sb 

Ag 1-760 

By cooling a melt composed of three gram atomic weights of silver and 
one of antimony the compound shown below separates at about 525°C. 

3Ag + Sb -> AgaSb 

C. T. Heycock and F. H. Neville, Trans. Roy. Soc. (London), 189A, 25-69 (1897) 

Sb 

AgNOa 1-761 

Antimony put in silver nitrate solution precipitates silver. 

Sb + SAgNOa Sb(N03)3 -I- 3Ag 

(i. (jore, Trans. Roy. Soc. (London), 148, 194 (1859) 
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1-762 

Vigorous bromination of powdered antimony in an anhydrous ether 

solution, using an excess of halogen, yields a crystalline antimony penta- 
broDude-ether complex. 


(2Sb 4- 5Br2 + 2(C2H6)20 2SbBr6- (C2H5)20) 

M. A. Raynaud, Bull. soc. chim. [IVJ, 27, 326 (1920) 


Sb 

C18H34O2 j 

AnUmony is corroded by anhydrous oleic acid at temperatures below 
100 , Hydrogen is liberated. This reaction is very slow. Anhydrous 
oleic acid similarly corrodes lead, sodium, potassium, thallium, calcium, 
magnesium, manganese, zinc, copper, tin, iron, bismuth, mercury, 
iridium, arsenic, tungsten, tellurium, nickel, cobalt, phosphorus, and 
sulfur. 

2Sb -f- OCnHaaCOOH ^ 2(C,Jl33()2)3SI) + .SH,. 

C. B. Gates, J. Phys. Chem,, 16, 97 (1911) 


8b 

COj 1.764 

Antimony trioxide is formed when metallic antimony reacts with 
carbon dioxide at 1100°. 

281) + 3 CO 2 Sho(h + 3CO 

Bacho, Monatsli. 37, 117 (1916) 

Ref., J. Chem. Soc. (London), 110, 1X2 (1916) / 


Sb 

1-766 

Antimony burned in chlorine forms antimony trichloride. 

2Sb + 3 CI 2 ^ 28bCl3 

Humphry Davy, Trans. Roy. .Soc. (F.ondon), 101, 23 (1811) lOo 
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Sb 

Co 1-766 

Cobalt combines with antimony to fonn cobalt antimonidc when the 
two finely divided substances are fused together at 500° in a current of 
hydrogen, (a). It is possible to form the diantimonide at tempera- 
tures above 700°, (b). 

(a) Co + Sb ^ CoSb 

(b) Co -f 2Sb ^ CoSb. 

F. Ducelliez, Compt. rend., 147. 1049 (1908) 58 


Sb 

Co 1-767 

Cobalt antimonide has been prepared by the action of antimony chlo- 
ride or antimony vapor on pidverized cobalt. 

(Co + Sb = CoSh) 

F. Ducelliez, Bull. Soc. Chim. IIV], 7. 202 (1910) 31 


Sb 

Hs 1-768 

Hydrogen liberated from an antimony catliodc contains a considerable 
amount of stibine. This circum.stance can he utilized for the prepara- 
tion and production of stibine. 

(2Sb + SH. -> 2SbH3) 

Xewbery, J. Cliein. Soc., 109, 1361 (1916) 

Ref., Piuioth, Z. Elektrochem., 26. 453 (1920) 

Ref., Henry J. S. Sand, Edward J. Weeks and Stanley W. Worrell, J. Chem, 

Soc., 123. 456 (1923) 48 


Sb 

HNO:, 1-769 

Antimony dioxide is formed when metallic antimony is oxidized with 
nitric acid and the resulting oxide heated to dull redness. 

(a) 2S1^ + 411X03 ^ SlvOj + 2H4) + 3X0 + XO 2 

(b) 2SI)Ab 4SbO.. + Oo 

Szilagyi, Z. anal. Cliein., 57. 23 (1918) 

Ref.. J. ('hem. Soc. (London), 114. 135 (1918) ^ 
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Sl> 

HgCl, 

HgCI 

Antimony heateil with oithcr morcuric or mercurous chlorides forms 
antimony trichloride. 

2S1> + 3JigC'h -» 28hC’l.i + (3Hg) 

(*A SI) + 3IIg(’l SI)Cl3 + (3Hg) 

Jolm Davy, Trans. Hoy. Stu*.. (London), 102, ISS (1812) 


1-770 


Wo 


I 


SI 


1-771 


Pure powdered antimony is lieated with ituiine in an atmosidiere of car- 
bon dioxide. The product is repeatedly distilled over antimony and. 
finally, sublimed in a stream of caibon dioxide to yield liglit red crystals 
of antimony triiodide. 

2Sb + 3I-.-> 2SbI.) 

V. Izhekov and Nijnik, .1. (ion. t’hem. (I'SSH), 7, 12GS (1937) 


fU) 




1-772 

Antimony triiodide is made by shaking a solution of iodine in carbon 
disulfide with an excess of antimony for several hours until the color of 
the iodine is discharged. 

2S1) + 31, 2S1)1.3 


C. B. .MIsopp, Proc. Hoy. 4 S 00 . (lyontlon, 158A, 171 


(1937) 


IW 


SI) 

I 2 1-773 

A mixture of antimony and iodine is heated gently and the product, 
antimony triiodide, is obtained through sublimation. 

2SI> + 31, -> 2SbI;, 

Mclvor, 

Hof., U. Gerstl. Her., 8 , l l()(i (187.5) >0 
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Sb 

KNO3 i-m 

Antimony put into fused potassium nitrate bums and forms potassium 
py r oantimonate . 

2 Sb + 4KNO3 ^ I^4Sb207 + 3 NO + NO2 

G. Gore, Trans. Roy. Soc. (London), 148, 197 (1859) 105 


Sb 

KNO 3 + KHSO 4 1-776 

Shining needle-like crystals of antimony trioxide are obtained when a 
mixture of potassium nitrate, potassium hydrogen sulfate and pow- 
dered antimony is heated to redness. 


6Sb + 4KNO3 + 4iaiS04 

^ SSboOa + (4K2SO3 + 2H2O + 3 NO + NO2) 

J. Preuss, Ann., 31, 198 (1839) 25 


Sb 

KNO 3 + O 2 1-776 

Granular crystals are formed when metallic antimony is burned with 
saltpeter and the resultant product extracted with water. 

4 Sb + 2KNO3 + 4O2 4* 5H2O ^ (KSb 206 ) 2 - 5 H 20 + (2NO) 

Rammelsberg, Pogg. Ann., 52, 193 

Ref., F. Warrentrop and H. Will, Ann., 40, 278 1 


Sb 

Li 1-777 

When a small fragment of antimony is heated with lithium in a sealed 
tube containing liquid ammonia, blue lithium ammonium is formed. 

The l)lue color disappears, leaving lithium antimonide. 

(a) ( 2 NH 3 + 2Li + H 2 ) -> 2 LiNH 4 

(h) GLiNH., -I- 2Sb 2 Li 3 Sb + 6 NH 3 H- SH. 

P. I.ebeau, Compt. rend., 134, 284-286 (1902) ^ 



ANTIMONY 


205 


Li 


Sb 


Lithium antimonide is formed when a small fragment of antimony is 
heated with lithium in a scaled tube containing liquid ammonia. 

Sb + 3Li — > SbLia 

Lebeau, Compt. rend., 134, 284 (1902) 

Ref., J. Chem. Soc. (London), 82, 256 (1902) 


1-778 


i 


Ni 


Sb 


1-779 


Nickel antimonide is tormcd wIumi antimony vapors are carried by a 
current of hydrogen to an adjacent capsule of nickel in a porcelain tube 
heated to 1300°, then quickly cooled in a current of hydrogen. 

Xi + Sb 

E. Vigouroux, Compt. rend., 147, 978 (1908) 


38 


0 


SI 


1-780 


Antimony burned in either dry or wet oxygen forms antimony trioxide. 

4Sb + 302 ^ 2Sb2()3 

H. Brereton Baker, Trans. Roy. Soe. (liOndon), 179A, 571 (1889) iOo 


0 


Sb 


1-781 


An important secondary eciuilibrium is set up at an antimony interface, 
of the antimony eleetrode, when it is submerged in an acpieous .solution 
in contact with air. 

4Sb 4- 3 O 2 + OII 2 O 4Sb(OII)3 

George A. Perley, Chem. Met. Kng.. 40, 117 (19TM 


44 


Sb 

PCU 1-782 

Finely powdered antimony comlnnes instantlj- witli phosphorus ixmta- 
chloride; the reaction is exothermic. 

3PCI5 4- 2Slj -> 3PCI3 H- 2SI)Cl3 + A 

E. Baudrimont, Ann. d. Clhm. Phy.s.. (4>, 2, 12 (1861) 70 
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Sb 

S 1-783 

The elements antimony and sulfur mixed in correct proportions and 
heated in a sealed tube, combine at 450 ° to give the sulfide. When 
different proportions of the reagents are used the mixture solidifies in two 
phases. 

2 Sb -I- 3 S ^ SbzSa 

H. Pelabon, J. Chim. phys., 2, 321 (1904) 69 


Sb 

SoCL 1-784 

Antimony trichloride is obtained when i)owdered antimony is heated 
with sulfur monochloride. 

GSb + 3S2CI2 ^ 2 SbCl 3 4 - 281)283 

F. Wohler, Ann., 73, 375 (1850) 25 


Sb 

S 2 CI 2 1-786 

Antimony reacts readily with sulfur monochloi ide in the cold producing 
antimony trichloride. 

V 

2 Sb - 1 - SvSoCb -> 2 SbGl 3 + 68 

P. Nicolardot, Compt. rend., 147, 1305 (1908) S8 


8I> 

SOCI 2 1-786 

Antiinou}' trichloride is jjioduced when an excess of antimony reacts 
with thionyl chloride, (a). When an excess of thion}'! chloride is used 
and the mixture heated in a sealed tube, antimony pentachloridc is 
produced, (b), (c). 

(a) 68b + 68OCI2 -> 48 bCl 3 + 86283 + 380 . 

(b) 3 SbCl 3 + 4SOCI2 ^ SSbCU + S2CI2 -i- 2SO2 

(c) 6Sb + 20S()Cl2-> OSbCL + oS.Cl. + lOSO. 

Teumann and Kochlin, Her.. 16, 1625 (18S3J 

Uef., North and Hageman, J. .\m. Chem. Soe., 34, 893 (1912) ^ 



axtimoxy 


207 


SI 


SO5CI.. 


1-787 


Antimony tiichloiide is fonnotl ulu-n antimony is lieated in a miyed 
atmosphoio of sulfuryl cliloi ido and oai lion dioxide at a temperature of 

\ i 0 


2Sb + SSOsC’U ^ 2Sh(’l3 + SSOo 

H. nannecl ainl I*. Sclilottinann, Z, aiiorj;. ('hoiii., 212, 225 (1933) 





1-788 


It lias Ikhmi shown tliat antimony forms tho following compounds 
scloniiim : 


with 


ShoSoa, SI)S(‘, Sh^Scj, Sl^Sc^ 

r. ('lireticn, Compl. rtMid.. 142, 1330 

Itcf.. II. IVIahon. (’tnuf)!. nuid.. 146, (lOOS) 


SI 


ScoCh 


1-789 


Antimony jicntachloridc is formed as an intermediate product wlu'n 
selenium monochloride reacts with antirnonv. 

oSe,C’k> + 2Si> -> 2SI)Cn5 + lOSe 

I>enlier ami Kao, .1. Ain. ('l»(*in. Soc.. 48, 1553 (1020) 


I 


Sn 


SI 


1-790 


Kre(‘zinf>; iioints and microscopic e.xamination of antimony-tin alloys 
indicate that solid solutions and not compounds are formed on cooling 
the li(juid melts. 'I'his contradicts and coirects claims that compounds 
arc formed. Such claims ha\'e Ix'cn made by Iteinders, Zeit. anor^. 
(’hem. 26, 1 13 (1000). 


ISb -f- 3Sii »•» SIuSmj 
S b + Sn -+-♦ SbSii 
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Sb 

1-791 

Antimony reduces stannic to stannous salts, but does not reduce stan- 
nous salts to tin. 

2Sb + SSnCU -> 2SbCl3 + SSnClz 

H. C. Boehmer, J. R. Gordon and C. W. Simmons, Can. Chem. J., 4, 172 (1920) U 
Ref., H. F. Hourigan, Analyst, 61, 328 (1936) ^ 


Sb 

Zn 1-792 

The equilibrium diagram shows that the compound, ZnSb, is deposited 
when melts of antimony and zinc containing less than 40% zinc are 
solidified. Two solid solutions as well as the two pure metals are also 
represented in the phase diagram . There is no evidence for ZnsSbz or 
ZnSba claimed by othei’s, 

Sb + Zn ZnSb 

B. E. Curry, J. Phys. Chem., 13, 689 (1909) 7 

SbBl’a 

Br. + NH 4 Br 1-793 

Black octahedral crystals, stable in air, form wlien the required quan- 
tity of bromine, followed by ammonium bromide is added to a solution 
of antimony tribromide in concentrated hydrobromic acid. 

2SbBr3 + 4NH4Br + Bra ^ 2(NH4)2SbBr6 

Ephraim and Weinberg, Ber., 42, 4447 (1909) 

Ref., C. H. Desch, J. Chem. Soc., 98 , 41 (1910) 26 


SbBrs 

KBr 1-794 

NaBr 

LiBr 

2.U)9 grams of antimony tribromide arc mixed with 0.476 gram of 
potassium bromide. 10 cc of acetone are added. Heat on the steam 
l)ath. 13y leaving it over concentrated sulfuric acid in vacuo yellow 
colored crystals are foirncd. The same type reaction occurs with 
sodium bromide and lithium bromide. 

(a) SSbBis -h 2KBr — > K 2 Sb 3 Bru 

(b) 3SbBr3 + 2NaBr — > Na 2 Sb 3 Brii 

(c) SSbBi-a -f 2LiBr LbSbaBr n 
(’ll Vournazos. Z. anorg. Chem., 192, 369 (1930) 
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SbBra 

K1 

KF 


1-796 


1.084 p-aras of antimony tribromide and 0.332 gram of potassium 
iodide m 5 cc of acetone are heated on the steam bath. By slow evap- 
oration yellow crystals of potassium-antimony-bromo iodide are formed. 
The same type reaction occurs with potassium fluoride. 

(a) 3SbBr3 + 2KI KoSbaBrJ^ 

(b) 3SbBr3 + 2KF 

Ch. Vournazos, Z. anorg. Chem., 192. 369 (1930) 


LiBr 


SbBr 


1-796 


Dissolve equal molecular portions of lithium bromide and antimony 
tribromidc in water with the addition of much bromine and concen- 
trated hydrobromic acid. Black, right-angled, four-sided tablets {)f 
lithium metabromo antimonate ar(‘ formed. 


biBr -|- SbBia “b Hi'-j “f* — * IviSbHro'lIh’t) 

Weinland and Fligc, Her., 36, 214-59 (1903) 



SbBrs 

NH^Br 1-797 

BaBr2 


CdBr 


To 1.446 grams of antimony tribromide and 0.7836 grams of ammo- 
nium bromide add 10 cc of acetone plus a few drops of water. Shake. 
By leaving in a vacuum desiccator over concentrated .sulfuric acid 
yellow crystals are obtainc'd. The same type r(‘action occurs witli 
barium bromide and cadmium bromide. 


(a) (SbBr.! + 3X11, lb* + 311,0 

(Mr,,)3SbBrr2II,() -b HBrO-f IlHr) 

(b) 3SbBr;t -b BaBr, -b 211,0 -> BaSbaBiu • 2 H 2 O 

(c) 3Sblir., -b C’dBr, (USbaBr,, 

Ch. Vournazos, Z. anorg. CIumu.. 192, 309 (1930) 
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SbBi’a 

NaNs 1-798 

By leaving a mixture of antimony trihromitie (3.2530 g) and sodium 
triazide (0.195 g) in 20 cc of acetone to Avhich a small amount of water 
is added, in a vacuum desiccator a white crystalline .substance, sodium- 
antimony-bromotriazide is obtained. 


(a) SbBi's + 2NaN3 ^ 2 NaBr + SbBrNe 

(b) SbBrNe + H/) SbBrO + 2HN3 

(c) ShBri + NaNs NaBr + SbBr.N^ 

(d) SbBr.Ns -h H.,() ^ SbBrO + IINa -f HBr 

(e) 2SbBr3 + NaN^ —> NaBr + SbBis + SbBr2N3 

(f) SSbBr^ + NaNa SaSb.Hiy'Sj 

(’h. Vdiirnuzos, Z. anorg. Chem., 192 , 369 (1930) 28 


SbBr 


1-799 


Antimony tril)romide reacts with phosphorus dissolved in carbon di- 
.•<11111(10 to form antimony phosphide. 

SbBra + 2P ->SbP 4- (PBr,) 

W. Ramsey, Bor., 6. 1302 (1873) , 


// 


SbBi 


SrCl. 6H0O 
KCNS 


1-800 


KNO, 


liv leaving antimony tribromide (1 .440 g) and strontium chloride hexa- 
hydrate (0.3555 g) in 10 cc of acetone in a vacuum desiccator colorless 
needles of strontium-antimonv-bromochloride are obtained. The same 
type* reaction occurs with potassium thiocyanate and pota.ssium nitrate. 

(a) .'IShBin + SrCb OH.O -> SrSI),Br,(’b-0H>O 

(b) 3SbBr3 4- 2K('NS Iv.SlhBrgfCXS). 

(e) 3Sl)Br3 + 2KX()3 ^ ivSb3Bro(X03)2 

('ll. Vouriuizos, Z. aiiorg. ('hem., 192, 300 (10.30) 


28 
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SbJil:, 


1-801 


in 


Antimony tribromido was olcftmlyzod in presence of excess liyclro- 
biomie acid, using an antimony anode. Antimony was deposited in i 
active form wliiclv tended to explode on beating to 270°-300°F. 

2SbHr3 — 2S1> + (3Hr..) 

(*^) Sbfamorphous) Sb( crystalline) 

(’i. Gore, Trans. Hoy. Soc. (Loiulon), 162, 323 (1.S63) 


lOo 


SbHr 


Quinine 

HBr 


1-802 


Addition ol a dilute acid .solution of antimony tribromide to a dilute 
acid solution of ([uinine containing an exce.ss of pota.ssium bromide 
yielded a pria-ipitati' of tlu' <iuinine complex wbieb e\ ()lves a gas at oO- 
()0°C\, (a). Hrueine similarly yields a complex, (b), which gives olf a 
gas at 18(1 H)7®C\ 


(a) 

(h) 


( ^KiIliMt b A' l> + 2(IIb' -f- Si)Hr3 — * C bolbfit bA' 2 • SbHi’j 
2C ssIbcthA'j -j- 2IIH1’ -j- JsbMi'3 — *■ (Cbslbif h A'2):; • Sblir.i 


K. P. Wlntc, .1. .\in. Phaiin. 30, 16(1 (lOll) 


HJ 


HoO 


(SbBrl3)bi 


1-803 


Lithium antimony triiodobromide is dee(»mposed 1)V water giving anti- 
mony trioxide, hydriodic acid, and lithium bromide. 

2(SbMrl3)Li -f 311,0 - >Sb,(>, -(- (illl + 2LiHr 

.V. C'li. \'<nirn!»/os. C'oiiip*- 175, HU--7 (ia22) 


> 


A 


(SbHrbOLi 

Lithium antimony l liiodolnomidc is dccom|^os(‘d at red heat into lith 

ium bromide* and antiimmv triiodidc. 

♦ 

(Sblh I.()Li — > LiHr -f SbLi 

-V. Cli. \’(iui'niiz»).<, (‘»>in|»t. mid.. 176, Hit -7 <1022) ^ 


1-804 
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SbBr6.(C2H6)20 

A 1-806 

Antimony pentabromide diethyl oxide is a stable compound at ordinary 
temperatures but when heated to 87-88°C it decomposes according to 
the following equation; 

SbBr5-(C2H5)20 ^ SbBi'a + Br. -f iC2H,)20 

M. A. Raynaud, Bull. Soc. Chim. (IV), 27, 327 (1920) SI 


SbCb 

Br-C6H3(CH3)2 . 1-806 

To an ethereal solution containing 4-bromo-m-xylene and magnesium 
(Grignard’s reagent), antimony trichloride is added and the mixture 
boiled for six hours. After decomposition with water, tri-m-xylyl- 
stibine is extracted with benzene. 

(3Br-C6H3(CH3)2 + 3Mg + SbCb ^ (C6H3(CH3)o)3Sb + 3MgBrCl) 

Archibald E. Goddard, J. Chem. Soc., 123:2, 2319 (1923) 4^ 


SbCb 

BrC6H3(CH3)2 1-807 

Na 

4-bromo-m-xylene and antimony trichloride are dissolved in dry ben- 
zene and sodium is added in thin slices. After standing overnight, the 
solution is filtered and the residue extracted with boiling benzene. The 
latter is then evaporated and the oily residue, after treatment with 
absolute alcohol, yields tri-m-xylyl-stibine in form of long, crystalline 
needles. 

3Br-C6H3(CH3)2 + SbCb + 6Na 

(CeH3(CH3)2)3Sb + 3XaCl + 3NaBr) 

.Archibald E. Goddard, J. Chem. Soc., 123:2, 2319 (1923) 4^ 


SbCb 

(CeH5)3Bi 1-808 

If antimony trichloride (I mole) in dry ether is added to triphenylbis- 
muth (1 mole) in the same solvent, a white precipitate consisting largely 
of inorganic compounds of arsenic and bismuth is oi)tained. From the 
decanted ether, triphenylantimony dichloride and diphenylbismuth 
chloride are isolated. No inorganic products are deteimined, except 
bismuth oxychloride, which precipitates from the decanted ether. 

(5(C\Il6)3Bi + SSbCU + H 2 O 

-> 2(C6H5)3BiCl2 + BiOCl + Bi.Cb -f H 2 + 3(C6H6)3Sb) 

Frederick Cliallenger and Leslie R. Ridgway, J. Chem. Soc., 121: 1, 115 (1922) 4^ 
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SbCU 

o-C6H&C(H4N2C1 1-809 

o-Xenylamine (50 g,) is diazotized to o-xenyldiazonium chloride. To 
this is added 40 g. of antimony trioxide in 200 ml, of hydrochloric acid 
(d. 1,126) at 0-25°, o-Xenyldiazonium antimony tetrachloride sepa- 
lates as light yellow crystals. These are suspended in water and 200 
ml. of glycerme and 330 ml. of 5 N sodium hydroxide are added. The 
filtered solution is acidified with hydrochloric acid, the precipitated 
o-xenylstibonic acid is washed with hydrochloric acid (d. 1.126) and re- 
ciystallized from alcohol. This compound may be used to prepare other 
organic antunony derivatives, particularly antimony analogs of carbazole. 

(a) SbiOa + 6HC1 ^ 2SbCl3 + 3 H 2 O 

(b) 0 -C 6 H 5 C 6 H 4 N 2 CI + SbCh o-C6H5C6H4N2SbCl4 

(c) o-C 6 H 5 C 6 H 4 N 2 SbCl 4 H- 4NaOH 

^ o-C 6 H 6 C 6 H 4 SbO( 011)2 + ( 1 X 2 -f 4NaCl + H 2 O) 

G. T. Morgan and G, 11. Davies, Proc. Roy. Soc. (London), 127A, 1 (1930) 110 

SbCb 

CittHvMgBr I_S10 

Antimony trichloride (1 mole) in benzene is slowly added to an ethereal 
solution of magnesium-a-naphthyl-bromidc (3 moles); the solvents are 
then removed and the residue, after washing, filtering and extracting 
with benzene, is found to be tri-a-naphthyl-stibine. 

(SbCU + 3CioH7MgBr (C,oIl7)3Sl) + 3MglhCl) 

Prederick Challenger and Freda Pritchard, J. Chem. Soc., 126: 1, 86S (1924) 48 


SbCl3 

CsHsOH 1-811 

When one mole of antimony trichloride and one mole of absolute ethanol 
are heated several hours in a sealed tube at 160*^0., hydrogen chloride, 
ethyl chloride, and antimon}’ oxychloride are formed. 

(a) SbCb + C 2 IUOII SbCl 20 C 2 H 5 + HCl 

(b) SbCl.OC.lls i^hOVA + C 2 H 5 C’l 

L. Schaeffer, Per., 1, 13G (1S08) II 


SbC:i3 

C6H3(0H)3 

Antimony trichloride reacts witli pyrogallol, yielding 

crystals. 

SbCb + C:6H3(<>1I)3 -> + 3HC:i 

F. Feigl, Mikrochem., 1, 75 (1923) 


1-812 

characteristic 
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SbCU 

CisHnCNS 1-813 

Antimony trichloride will react with a 2% alcoholic solution of thio- 
gly colic acid i3-amino naphthalide (Thionalide), yielding a ciystallinc 
precipitate of yellow color. 

2ShCl3 + GC„HuCXS + SXaoCOa 

2Sb (CizHioCXS)^ + (iXaCl + SH.O + 3002 

R. 13erg and E. S. Fahronkamp, Z. anal. Chem., 112, 161 (1938) 28 


(C6H5),Pb 



1-814 


Lead tetraphenyl and antimony trichloride are heated under reflux with 
toluene for half an hour; the resulting .solid mass, after treatment with 
toluene, heating and filtering, is found to contain lead diphenyl-chloride 
(residue) and oily diphenyl-stibine-cliloride (filtrate*), (a). The latter, 
upon chlorination, yields diphenvl-stil)ine-trichloride, (!>). 

(a) {(\U,),Vh + SbCb (Q\}h),PhC\, + {Celh)SbC\ 

(b) {C\lh)ShC\ + Cb (C6H5)2SbCl3 

K. Goddard, J. N. Ashley and R. B. Evans, J. Chem. Soc. 121,980 (1922) 48 


Co 


SbCl 


1-816 


The compound cobalt autimonide is first formed when antimony tri- 
chloride reacts with finely powdered cobalt at 800°. This compound 
hreak.s uid at higher temperatures into cobaltous cliloridt* and antimony. 

(a) 28bC’l3 + 2('o ^ 2CoSb -f .'K’b 

fi)) 3C'oSb + *2SI)t’l3 3C\)Cl2 + oSb 

Duoelliez, (‘ompt. rend.. 147, UMS 

Rof., J. 1.. n<i\vo. J, .\m. Chom. Soc.. 31, 1297 (1909) 


SbCb 

Co 1-816 

When finely divided cobalt is subjected to the action of vapoi-s of anti- 
mony trichloride at temperatures around 800°, cobalt antimonide is 
formed. 

2C(> + SbC’b -> C’oSI) -H CoCh 

1- . Ducellioz, Coiiipt. rend., 147, 1018 (1908) 
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CoSb 


Sh(’ln 


1-817 


Cobalt aiitimonicle is attacked by vapors of antimony trichloride, par- 
ticulaily at temperatures above 1000°. with deposition of antimony and 
formation of cobaltic chloride. 

CoSb -h SbCb 2Sb + CoCU 

F. DucoUicz, Compt. rend.. 147, 1048 (1908) 


38 


SbCI 


CsCl 


1-818 


Mixing solutions ot caesium chloritle and antimony trichloride in vary- 
ing proportions yields the 3:2 double chloride of caesium and antimony 
though the crystals \ ary from wliite hexagonal tabl('ts to large irregular 
yellow scales. 

3CsCl -h 28bCU ^ (CsCl )3 (SbCb)o 
t'. Seltorhoi'K. K. Sv. Akad. Haudl. 0fv<*rs.. 39, Xo. (5. 20 (1S82 j 


10 


Sb(’l3 

HCl -h Na2S203 1-819 

Trisodium antimony thiosulfate is formed wlu'u the hydrolysis ])roduct 
of antimony trichloride is ilissolved in concentrated sodium thiosulfate 
in tl\e presence of hydrochloric acid. 

(a) SbCb + H.O -> SbOCI + 2HC! 

(b) 8b()(’l + 2H(’l -h 3Xa2S2()3 -> 3Xa(’l + U,() + Xa3Sb(S.,<)3)3 

Julius von SzilAgyi, 7.. :inor(j. C'Ikmii.. 113, 00 (1920) >o 


SbCl; 


HsO 


1-820 


If water be added to a solution of antimony trichloride, various oxy- 
chlorides can be obtained (U^pending on the amount of water added and 
on the amount of free acid in solution. 

When 1 mole of antimony trichloride is trcaited with 8 moles of watei', 
antimonvl chloride' is formed, (a). W'hen 27 mole of wat(*r an* ii.sed, 
the oxychloride shown in (I») is toiined. 

(a) (Sb(’l:, + 11,0 ->Sb()Cl + 2H(;i) 

(b) (4Sl)(‘l3 + oll.o ^Sb,0,('l, + lOlICl) 

ho:i and J. K. Wtuui. .1 CIkmii. S<.c . 125. IJs iV HI (l')2li 


i8 
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SbCl, 

HjO 1-821 

Cold water (4-75 parts to 1 part antimony trichloride) hydrolyzes anti- 
mony trichloride to form a complex salt and hydrochloric acid. 

4SbCl3 -h SHjO -> Sb4Cl206 -f lOHCl 

Sabanejeff, 

Ref., V. Von Richter, Ber., 4, 409 (1871) * it 


SbCls 

H 2 O 1-822 

Boiling water (small excess) hydrolyzes with antimony trichloride to 
form a complex salt and hydrogen chloride. 

4SbCl3 + 5 H 2 O ^ (2Sb0Cl-Sb203) + lOHCl 

Sabanejeff, 

Ref., Von Richter, Ber., 4, 409 (1871) 11 


SbCla 

H 2 O 1-823 

Cold water (2-45 moles) decomposes antimony trichloride to form 
antimony oxychloride and hydrochloric acid. 

SbCb + H 2 O SbOCl + 2HCI 

Sabanejeff, 

Ref., Von Richter, Ber., 4, 409 (1871) 11 


ShCh 

H 2 O 1-824 

Various metastable oxychlorides of antimony are formed when water 
is added to solid antimony trichloride. 

The oxychlorides subsequently change into stable forms either by 
absorbing hydrochloric acid (a), or by setting it free (b). 

(a) Sbi 03 ( 0 H) 3 Cl 3 + HCl — > 4SbOCl + 2 H 2 O 

(b) Sb 403 ( 0 H) 3 Cl 3 ^ SbACb + H 2 O HCl 
Charles Lea and John K. Wood, J. Chem. Soc. (Ixindon), 126, 147 (1924) 
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ShCh 


Water hydrolyzes 
John Davy, Trans. 


antimonj" triehloride and forms the oxychloride. 

SbCIa + IW ^SbOCl -h (2HC1) 

Uoy. Soc. (Tondon), 102, 190 (1812) 


1-826 


105 


SbCb 

HsO 1.826 

Antimony trichloride reacts with water to give antimony trioxide and 
hydrochloric acid. 

2SbCl3 + SlbO ^ SlMb + OHCl 

Humphry Davy, Trans. Roy. Soc. (London), 101, 23 (1811) W5 


SbCb 

H 2 O 1-827 

Water added to a solution of antimony trichloride precipitatc'd th(‘ 
antimonyl chloride. 

SbCla + II.O -^SbOCl + (21101) 


George Pearson, Trans. Uoj'. Soc. (London), 81, 323 (1801) 


105 


SbOb 

HsS 1-828 

Lemon yellow eiystals are olitained when antimony tricliloi'ide reacts 
with liquid hydrogen sviltide at ordinary temi)eratures and the solution 
evaporated to crystallization. Tliis same (■om})ound can be foriiK'd 
by the action of diy hydrogen siiKide gas on dry antimony trichloride at 
low temperatures. 

SSbC'b + n.S --SbS(’l-7Sb(’b + (2IU’l) 

Schneider, Pogg. Ann. pliys. ('hcni-, 108, 41)7 (ISoO) 

Ref., Ralston and Wilkinson, .1. .\jn. ('hem. So(r., 50, 262 (.1028) 1 


SbCb 

HaSe 1-829 

Dark brown prccipitateol aiitiinoiiioii.'; sclcnide was obtained when anti- 
monous chloride was di'oppe<l into a pure satmut(Mi solution ol liydrogen 

selenide. 

2Sl)Cb + 3ibSe SI),.S(‘., -t- t'dlCl 


Moser and Atynski., Monatsh., 45, 235 G02.5) 

Ref., A. C., J. Chein. Soc. (London), 128, oM (10251 


25 
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SbCla 

KBrOs 1-830 

HCl 

A new short method for the accurate determination of antimony in 
metals, alloys and ores is based on the titration of antimonious chloride 
with potassium bromate in the presence of hydrochloric acid, 

3SbOU + KBrOa + OHCI -> SSbCU + KBr + SHoO 

Silvc Kallmann and Frank Pristcra^ Ind. Eng. Chem., Anal. Ed., 13, 8 (1941) U 




KHS 


SbCb 


1-831 


Potassium hydrosulfide reacts with antimony trichloride to form golden 
sulfur of antimony. When heated it gives black antimony trisulfide 
and water. 


(a) dShC'b + (»KHS — ► 2Sb3S3(orung(‘) -f ((iKC'l + OHCI) 

(b) SbjSsCorange) Sb2S3(black) 

Jolin Davy, Trans. Uoy. Soc. (London), 102, 1S9 (1812) 105 



K 2 S 3 O 3 1-832 

Rb2S20,3 


.V solution of antimony trichloride will r(*act with a concentrated solu- 
tion of potassium thiosulfate yielding crystals of potassium-antimony 
thiosulfate. The.sc crystals are decomposed when heated with water. 
'I'he same type reaction occurs with rubidium thiosulfate. 


(a) SbCb + Hd) ^ SbOC'l + 2HC1 

(b) 8b()CI + 2HC'l + 3 K 2 S 2 O 3 ^ K3^(S2Oj 03 + H.O -b (3KC1) 

(e) 2K3Sb(S203)3 ^ SbsO^ + 3K2S2O3 + dSO. 

(d) SbOCl -b 2HC’l + 3Rb2S203 RUSKS.Oa).^ + H 2 O + 3RbGl 

.1. V. Szildgyi, Z. anorg. Chem., 113, 69 (1920) 
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LiCl 

CI 2 


SbCla 


1-833 


Saturate a solution o! litliium ehlorulc and antimony trichlorido with 
chlorine. Right-angled, four-sided, hygroscopic sheets of lithium 
metaehloroantimonate are formed. 


SbC’la + LiCn -h CU + 4Ii2() biSbC'l 6 - 4 Ho() 

WeinUiiul and Feige, Her., 36, 244 (1003) 


r> 

•V 



Mg 1-834 

CTH^Br 


Antimony trichloride in benzene is treated with a Grignard reagent 
made up of m-bromotoluene and magnesium. The mixture is then 
treated with steam and oily, non-volatile tri-m-tolyl-antimony-hydroxy 
chloride is ol^tained, (a). Witli hot alcoholic hydrogen chloride, this 
compound yields tri-m-tolyl -antimony dichlorifh', (b). Xo tri-m- 
tolyl stibiiu' is isolated. 

(a) (SbC'b + 3(('7ll7llh- + 2Mg 4- il-.G 

— ((’ 7 n 7 )..Sb(()H)(’l -b 2MgHr(’l + HHr) 


(b) 


((CMl7)r,Sl)(()n)('l + IK’l — (G7H7)3S1)G1-. + H-.O) 


Frederick C’luillenger and Fre<la Pritchard. .1. (’heni. Soc.. 126: 1, 8C!) (P.)24) 


4« 


SbCl 


i 


{m,),cO: 


1-836 


Antimony trioxide is the product resulting when antimony trichlorid(‘ 
is precipitated witli ammonium caiixmate and tlie precipitate washed, 
dried and ignited. 

3(XIi,,).j('(), 4- 2Sl>Cb -> ((iXIbGl -b Sl),(('0,)3) 


(a) 

(b) 


(Sio(C'03)3 4- A ->Sb4)o 4- (3(X)2) 


•I. B. .Mov(‘r, .1. Aiu. ('hem. 18, 1032 (ISIH)) 
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SbCU 

NaOH 1-836 

When a slight excess of sodium hydroxide is added to a solution of anti- 
mony trichloride, a precipitate of the hydrated oxide shown below is 
foimed. No antimonyl chloride is formed. Similar results are ob- 
tained when a solution of antimony trichloride in hydrochloric acid is 
poured into a solution containing excess ammonia. 

(2SbCl3 + 6NaOH + 45H2O -> Sb203 • (45H2O) + 3H2O + GNaCl) 

Charles Lea and John K. Wood, J. Chem. Soc., 123: 1, 263 (1923) 4S 


SbCU 

NaOH + C 4 O 6 H 6 1-837 

The neutralization curve of a solution of antimony trichloride and 
tartaric acid shows three maxima corresponding to the following com- 
plexes : 

(a) (SbCU + CiOeHe + 4NaOH 

NaSb(0H)C406H3 + 3NaCl + 3H2O) 

(b) (SbCU + C4O6H6 + 5NaOH 

^Na2Sb(0H)C406H2 + 3NaCl + 4H2O) 

(c) (SbCU + C4O6H6 + GNaOH 

Na3Sb0C406H2 + 3NaCl + 5H2O) 

J. L. Delsal, J. Chim. phys., 36, 350 (1938) 09 


SbCU 

Na2S203 1-838 

A solution of antimony trichloride will react with a more concentrated 
solution of sodium thiosulfate yielding sodium-antimony thiosulfate in 
solution. 

(a) SbCU 4- H2O ^ SbOCl + 2HC1 

(b) SbOC’l -1- 2HCI 4- 3Na2S203 ^ Na.3Sb(S203)3 + H.O 4- 3NaCl 

J. V. Szildgyi, Z. anorg. Chem., 113, 69 (1920) 

SbCU 

Na2S203 1-839 

H.O 

When antimon}' trichloride and sodium tliio.sulfate solution are mixed 
and heated a red precipitate is formed. This is called antimony cinna- 
bar and consists of antimony sulfide and antimony oxide. 

(ISbCU 4- SNasSoOa + GH.O 3Na2S04 + 12HC1 4- S 

L. Svanberg,-K. Sv. Vet. .-Vkad. Handl. Ofversigt., 18, 235 (1861) 
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SbCla 

1-840 

Antimony trichloride is passed for throe hours over powdered nickel in a 
porcelain tube heated to 800°. The product is washed with water to 
remove the nickel chloride formed. Nickel antimonide remains, (a). 
Temperatures above 800° cause formation of metallic antimony and 
nickel chloride, (b). 


(a) 2SbCl3 + 5Ni 2NiSb + SNiCb 

(b) 2SbCl3 + 3Ni ^ 2Sb + SNiCb 

E. Vigouroux, Compt. rend., 147, 07(>-7 (1908) S3 


SbCb 

PjSe 1-841 

Antimony thiophosphate of yellow color is obtained when a mixture of 
antimonous chloride and phosphorus pentasulfule is heated. 

SbCb + P2S3 ^ + PSCI3 

E. Glatzel, Z, aiiorg. Chcin., 4, 18C (1893) 2S 


SbCb 

o-PhCH2C6H4N2Cl 1-842 

NaOH 

o-Benzylbenzenediazonium cliloride (diazotized o-aminodiphenyl- 
methane) (22 g.) is treated with 14.5 g. of antimony oxide in 45 ml. of 
hydrochloric acid (d. 1.10) and 00 ml. of glycerine. After adding 150 
ml. of 5 N sodium hydroxide to the cold mixture, the mixture is wanned 
for 15 minutes, filtered, neutralized, .'saturated with carbon dioxide, and 
filtered again. o-Diphenylmethane-2-stil)onic acid is precipitated 
from this solution with hy<lrocliloiic acid. This compound may be 
converted into other organic antimony compounds, particularly an- 
timony analogs of acridine. 

(a) o-PhClPC’GiriX.f’l + SI)(’l:, T OXaOlI -> 

o-Ph( 'It-f ’cl li^bOaXao -f (X^ T 4NaCl + 


(b) o-PhCH 2 C 6 n.,Sl)() 3 Xaj -f 2n(’l -^o-BhC'II.C'elbSbOalb + (2Xa(:i) 

G. T. Morgan and (’.. K. Davios, Proc. Roy. Soc. (London), 143A, 38 (1933) IlO 
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SbCl, 

RbCl I_843 

Crystals of two different kinds of double salts of antimony and rubidium 
chloride separate from hydrochloric acid solutions when these salts are 
present in stoichiometric proportioas. 

(a) 3SbCl3 + TRbCl (SbCb).,- 7RbC:i 

(b) lOSbC’b + 23RbCl ^ (SbC1.3),o-23RbCl 


I. Kemson and A, I*. Sauialers. Am. C’licm. .1., 14, !o2 (ISOi) 


u 


SbCl3 

RbCl 1-844 

AVhen a mixed solution ol antimony chloride and rubidium chloride in 
concentrated IICl is evaporated, beautiful crystals of antimony rubidium 
chloride remain. 

SbC’b + bRbCl ->SbC’l.r(>Rb(’l 

U. OodelTroy, Her., 8, (1), 10 (1875) 28 

SbCb 

SeoCl, 1-846 

Antimoi»y tricliloride is oxidiz(‘d when warmed with s(‘lenium mono- 
chloride and the resultinfi; pentachloride reacts with an excess of selenium 
monochloridc* yielding a doul>le salt. 

(iO SbC’1.1 + Se,Cb Sb('b + 2Se 

(1)) 2SbCU -h 2Se,('b ~> (SbClJ,-Se(’b + 3Se 

honlior and Kao. J. \m. Chem. Sor., 48, 1.5.51 (102H) / 


Sn 


SbCI: 


A 


'Fin reduces antimony trichloritle to antimony. 

2Si>C’l;, + 3Sn ^ 2S1) -f 3SnCl, 

II. C’. lioelnncr, .1. U. (’lordon and C’. 5V. Simmons, (‘an. C’liom. J., 4, 172 (1020) 


1-846 




SbCI, 

TeO, 1-847 

l(“lluiium t(‘trachloride and antimony trioxide are formed when tel- 

% 

luriiun dioxide reacts with antimony trichloiide. 

% 

. 3 Te(b + dShCU-^STeC’l, + 2Sb,<)3 

\ Lonlict . , 1 . \in. C’liom. Soo.. 30 . 7-10 ( 1008 ) ^ 
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SbCl. 


1-848 


Explosive antimony is clepositetl eleetrolytieally from 10% liyclrochlorie 
acid solutions ot antimony trichloride. I'^loctrolysis is carried out at 0° 
with solutions containin'^ 15^ ^ or less ot antimony trichloride or at 19- 
21 torl5“*5^( solutions, thic |>has(' ot tlie j*;<‘l--lik(* structure ot the ex- 
plosive antimony is regarded as a complex <t! the chh»ri{Ie with free 
antimony, (a). When scratf'ht'd or heated, explosive antimony in- 
stantly undergoes transformation with evohition of heat, (b). 

(a) ■ISbt'la -> 2SI>('1;,.S1) + 3(’l, 

(b) (2SbC'l,rSb -> 4S1) + :K’1,) 

C. C. Coffin ;uul 8. .Joliiiston, Proc. Hoy. Soc. (Lomlon). 146A, 504 (1934) 

C. C. Coffin, ibid. 162A, 47 (1935) 


liO 


SbCl: 


:< 


1-849 


Bright crystals of antimony may l)e formed i>v (dectrolysis of the cldo- 

ride dissolved in methvl tdcolml. 

% 

2Sl>C’la 2S1) + (3C1,) 

L. Kalilenberg, .1. Hliys. Cluan.. 4, 3tt) (ItKKO 


SbCl, 


1-860 


A solution of antimony trichloride' when elect rolyzeel forms amorplious 
antimony and does not foi-m an amalgam with a mercury cathode'. 

2Sh('!., ^2Sb + 3(’l, 

ti. Gore, Trans. Uoy. Sot-. (Ijondoni. 149, S()7 llSOO) 

Uef.. Il)i(l., 148, 1X.> (ISOO) 


lOo 


SbCl, 

Vitamin A 1-861 

Antimonv trie'lile>ri(le' dissol\('el in chle)re>loini at. 4()'( , ce)e)le'el tei 2()‘^( 

\ 

and de'canteel. \ itainin .V in tlie' nnsa[)e)nitiable' enl fractie)n is alse) 
dissolved in chloiofonn, and 0.2 e-c. place'd in a te'st tube' 1 e-entime'te‘i- 
in diameter te) winch are' adde'd 1 .S e-c of tin* antime)ny trichloriele* 
reagent very rapidly. .V blue ce)lor de\elops immediately anel maybe 
compared with I'e'fci'cnce standaid tor assa\' ot pe>tencv. 

{( ' - I)! l -'jt d 1 + Sb( 1, - > ( i>fil I-j'iCl I ■ S1)C !.,) 

black, (*l a) . . .1 . .\iu . Pliann . .\s'ii , , 27, 199 ( 19.1S ) It! 



224 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


SbCl 


C2H2 


L862 


When a current of diy acetylene is passed over antimon}' pcntachloride 
an addition reaction takes place with evolution of heat. 

SbCU + C2H2-^SbCl5-C2H2 

Bertholet and JungHeisch, Compt. rend., 69, 543 (1869) 


29 


SbCl 


C.H 


1-863 


Acetylene reacts with antimony pcntachloride when the two are heated 
in the absence of air to form acetj’lenic antimony pcntachloride. 

C 2 H 2 H- SbCl5^CoH2-SbCU 

Berthelot and Jungfleisch, Ann., 7, supp., 252 (1870) IS 


SbCl 


(C6H5)4Pb 


1-854 


A mixture of lead tetraphenyl and antimony pentachloride in carbon 
disulfide is heated for one hour and filtered when still hot. The residue 
consists of lead diphenyl-chloride and diphenyl-antimony-trichloride. 
The latter is also contained in the filtrate. 

(C6H5)4Pb 4- SbCls ^ (C6H6)2PbC’l2 + (CehDaSbCL 

Goddard, Ashley and Evans, J. Chem. Soc., (London), 121. 980 (1922) 


48 


SbCl 


CoH2SbCl5 


r-856 


If acetylenic antimony pentachloride is heated with antimony penta 
chloride, tetrachlorocthane and antimony trichloride are formed. 

C^HsSbCU + SbCU ^ C2ILCI4 + 2SbCl3 

Berthelot and Jungfleisch, .A.nn., 7, 253 (1870) 


IS 


SbCU 


CsCl 


1-866 


Mixed solutions of cesium chloride and antimony pentachloride yield 
white, lustrous prisms of the 1 ; 1 double chloride. 

CsCl -t- SbCU CsCl -SbCU 

G. Setterberg, K. Sv. Vet. Akad. Hand!., Ofvers., 39. Xo. 6, 27 (1882) 


10 
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CsCl 

SbCla 


SbCI 


1-867 


When an excess of cesium chloride is boiled with antimony penta- 
chloiide and with antimony trichloride in strong hydrochloric acid veI*^' 
small black, short prisms form, 4:1:1 triple chloride of cesium and 
antnnony (trichloride and penfachlorido). 

4CsCl + SbCb H- SbCU -> (CsCOvSbCh-SbCU 

C. Settcrberg., K. Sv. Vet. Akad. llandl., Ofvcrs., 39, No. 6, 28 (1882) 


W 


HI 


SbCl 


1-858 


Hydriodic acid reacts with antimonj'^ pentachloridc yielding antimony 
trichloride, hydrochloric acid and iodine. 

2SbCl5 + 4111 ^ 2SbCl3 H- 4HC'l + 21., 

G. K. Bergh, Sv. Farm. Tidskr., 8, 33S (1001) 


10 


SbCI 


HI 


1-869 


Antimonic chloride liberates iodine from hydriodic acid in the pre.'<ence 
of a large quantity of hydrochloric acid. 

SbCU + 21 1 1 ^ 2IIC1 + SbCia + 21 

H. Giraud, Bull. Soc. t’liim., 46, 504 

Ref., M. L., J. Am. Clicm. Soc., 8, 178 (1880) 


sbc:io 

H 2 O 1-860 

Antimonj’l cldoride i.s formed when antimony' pentachlorid(* reacts 
with water. 

SbCU + IhO ^ SbOC'U + 2IICI 

H. Daubrawa, Aim., 186, 122 (K877) 'o 


HoO 


SbCI 


1-861 


Pyroantimonic acid is obtained when antimony pentac 
with w'ater. 


hloride is treated 


2SbCU + 71U.O -> 1011(1 + ll.,Sb2()7 


Fremy, J. prakt. (’licin., 29, SO (1S77) 
Ref., H, Daubrawa, Aim., 186, 113 (Is77) 
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SbCU 

H2S 1-862 

Antimony thiochloridc is formed when antimony pentachloiide reacts 
with liquid hydrogen sulfide at all temperatures. 

SbCL + H2S SbSCL + (2HC1) 

Ralston and Wilkinson, J. Am. Chem. Soc., 60, 262 (192S) / 


SbCis 

H2S 1-863 

Hydrogen sulfide reduces antimony pentachloride to antimony tri- 
chloride with formation of sulfur. 

SbCls + H2S ^ SbCL -f- 2HC1 -f- S 

G. K. Bergh, Sv. Farm. Tidskr., 8, 353 (1904) 10 


SbCU 

I 

KI • 1-864 

Antimony pentiodide is formed copiously by heating antimony penta- 
chloride and potassium iodide in a sealed tube at 120-140°C. 

SbCU + 5KI SbIs + 5KC1 

P. Fireman and E. G. Fortner, J. Phys. Chem., 8 , 500 (1904 ) 7 

SbCU 

NH4CI 1-866 

Antimony pentachloride yields the trichloride when heated with am- 
monium chloride at dOO'*. 

3SbCU + 2NH4CI 3SbCU + 8IIC1 + N2 

P. Fireman, J. Am. Chem. Soc., 26, 742 (1904) 1 


SbCU 

NO 1-866 

Antimony pentacliloride combines directly with nitric oxide when 
heated at 100° in a sealed tube for several hours. 

2SbCU + NO (SbCU)2-NO 

Besson, Compt. rend., 108, 1012 

Ref., J. Chem. Soc. (London), 56, 834 (1889) 
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NO 


SbCl-. 


Pale yellow crystals are formed when antimony pentachloride comlnnes 
With mtiogen dioxide in a sealed tube at 100°. 

3SbCl5 + 2NO, ^ (SbCl6)3-2N02 

Besson, Compt. rend., 108. 1012 
Ref., J. Chem. Soc. (London), 66, 834 (1899 


1-867 


25 


PH 


SbCl 


1-868 


Antimonic chloride reacts with phosphine to form antimonous chloride, 
phosphorus pentachloride and hydrogen chloride. 

4SbCl5 + PH3 4Sl)Cl3 + PCI5 -{- 3IIC1 

Jenacsche, Z. f. Medicin u. Xaturwis., 6, 15S 
Ref., R. Mahn, Am. Chem. J.. 30, 124 (1903) 

SbCU 

1-869 

It antimony pentachloride and plio.'^phoniuiu iodidt* are so arranged in 
a sealed tube tluit the .sul)stances only come in contact wlion heated, 
then the following reaction takes place. 

SSbCU + 3Pn,I ^Sbl3 -b 2ShC'l3 + OIK’I -f- 2P + PH, 

P. Fireman, Am. Chem. 30, 118 (1903). 

Ref., ibid.. J. Am. Chem. 8oe., 26, 712 (1904) ^ 

SbCU 

PHJ 1.870 

^Vhen phosphonium iodide* and antimony pentachloride are heated in a 
sealed tube a reaction takes place* yi{*leling antimonous chloride, anti- 
monous iodide, hydreichloric acid, hydreigcn phe)sj)hidc and phosphorus. 

SSbCU + 3PII4I ^ Sbl3 + 2Sb('l3 + PII3 + P2 + OlK'l 

Ernestine and Fireman, Am. Chem. J., 30, 118 (1903) 21 




SaCb I_871 

A double salt is l'e)rnu*d wlu'ii antinie)ny ))(‘ntachloride is inixeel with 
sulfur monochloridc anel allowe*el te> stand in a elesiccator. 


SSIA’U + S2Cb ^2(SbC'U-S(d,) -h 3SbCl3 

J. R. Partington, .1. (’hem. Soe. (London), 2570 (1929) 


25 
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SbCU 

SO 3 1-872 

Mixing solutions of SbCU and SO3 in sulfonyl chloride yields a white 
crystalline product, the composition of which indicates a mixture of 
SbCU ■ (SO3CI) and SbCL • (SOsC^a ; depending on the proportion of rea- 
gents used. Either form can be predominant. 

(a) SbCU + SO 3 ^ SbCU • (SO 3 CI) 

(b) SbCU + 2 SO 3 SbCU • (SOjCOa 

A. I. Lichacheva, J. Gen. Chem. (USSR), 7, 960 (1937) 60 


SbCU 

Sb 1-873 

Antimony reduces antimony pentachloride completely to antimony 
trichloride. 

2Sb 4- 3SbCU ^ SSbCU 

H. C. Boehmer, J. R. Gordon and C. W. Simmons, Can. Chem. J., 4, 171 (1920) ^6 


SbCU 

SbCU • C 2 H 2 1-874 

A^Tien acetylene-antimony pentachloride complex is heated in the 
presence of an excess of antimony pentachloride, a violent reaction 
takes place, giving antimony trichloride and tetrachloroethane. 

SbCU-C2H2 + SbCU C 2 H 2 CU + 2SbCU 

Berthelot and Jungfleisch, Compt. Rend., 69, 513 (1869) 


SbCU 

SnCU 1-878 

A1 

In a normal hydrochloric acid solution of tin and antimony chlorides 
aluminum will completely precipitate antimony in the metallic state, 
and will reduce the stannic to stannous chloride. 

SnCU + 2SbCU + dAl SnCU + ^ + dAlCU 

J. A. Sanchez, Bull. Soc. Chim. (IV), 7, 891 (1910) 
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TcOj 


Sbcu 


Antimony pentachloride reacts with tellurium 
forming the compound shown below. 


1-876 

dioxide in the cold, 


5TeO, + OSbCh 5(TeCb.SbCh) + (2Sb20,) 

V. Lenher, J. Am. Chem. Soc., 30 , 740 (190S) 


1 


SbCl 


1-877 


Antimony pentachloiido, a coloilcs,s or slightly yellowish liquid which 
fumes in air, and is heavier than water, disintegrates into antimony 
trichloride and chlorine at 140°C and therefore is used to introduce 
chlorine into organic compounds. 


(SbC'U + A 

C. Hardy, Chem. Ind., 38 , 364 (1936) 


SbCb + CI 2 ) 


84 


SbCU 




1-878 


When the addition product of acetylene and antimony pentachloride is 
heated with an excess of antimony pentachloride, 1 , 2-tetrachloroethane 
and antimony trichloride aie formed. 


SbCU*CoII> -f S])Cl 5 CllCU CnCU -h 2 SbCl 3 


liertlielot and Jungllciscli, 

Uef., Ch. Friedel, IJcr., 2, 56o (IK69) 




SbCUC.!!. 


1-879 

When acetylene-antimony pentachloride complex is heated, an energetic 
reaction occurs in which dicliloroethyhan' and antimonj' trichloride arc 
formed. 


(VlI-SlA’b -> (’.HA’b + S1)CI,3 


Berthelot and Juagfleisch, Coinpt. Rend., 69, 543 (1809) 
Ilef., Berthelot and Jungfieiscli, 7, supp. 253 (1870) 
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SbFa 

ecu 1-880 

A general method for commercial synthesis of refrigerants, solvents 
and dye intermediates is the replacement of a halogen atom by fluorine 
through reaction with anhydrous antimony trifluoride with a catalyst, 
usually SbCU. 

3 CCI 4 + 2SbF3 ^ SCCUF^Freon) + 2SbCl3 
Reed and Finger, Chem. Ind., 39, 579 (1936) 


SbFs 

CeHsCCU 1-881 

A general method for commercial synthesis of refrigerants, solvents, 
dye intermediates, etc., is by the introduction of fluorine into an aro- 
matic nucleus bv means of antimonv trifluoride. 

CeHsCCU + SbFa -> C 6 H 5 CF 3 + SbClj 

Reed and Finger, Chem. Ind., 39, 579 (1936) 


SbFa 

C^OeHs 1-882 

Antimony fluoride is slowly hydrolyzed in a solution of tartaric acid, 

(a). In a glass vessel the reaction leads to the formation of fluosilicic 
acid, (b). 

(a) C 4 O 6 H 6 -b SbF 3 + ILO C 406 H 6 Sb 0 + SHF 

(b) 6 HF + Si02 -> HaSiFe + 2H2() 

Yeu Ki Heng, J. Chim. phys., 33, 356 (1936) 


SbF3 

CsF 1-883 

A series of double salts of cesium and antimony result when solutions 
of antimonous fluoride and cesium fluoride with some free hydrofluoric 
acid are brought together in varying proportions. 

(a) CsF + SSbFj CsF-SSbFs 

(b) CsF + 2SbF3 ^ CsF-23bF3 

(c) 4CsF + 7SbF3 (CsF )4 • TSbF, 

(d) CsF + SbFs ^ CsF-SbFa 

(e) 2CsF + SbFa ^ (CsDs ■ SbFj 

Wells and Metzger, Am. J. Sci., 161, 451 

Ref., J. Am. Chem. Soc., 23, 199 (1901) ^ 
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NH, ^ 

A I. , . 

antimony trifluoride reacts with 

liquid ammonia. 

SbFa + 2NII3 -»vSbF3-2NH3 

Huff, Her., 39, 4310 (1906) 

Ref., J. Chein. Soc. (London), 92, 99 (1907) 

SbFa 

1-886 

Tartar emetic is formed when antimony trifluoride is dissolved in a 
solution of sodium tartrate: 

SbFa + NaC406H6 + H2O — » NaSij0C406H4 + SHF 

Yeu Ki Heng, J. Chim. phys., 33, 356 (1936) qq 

SbFs 

1-886 

Fluochlorides of silicon are obtained when antimony trifluoride reacts 

with silicon tetrachloride in presence of antimon}- pcntachloride as 
catalyst. 

flSiCh + SSbFa SiFCb + 28iF2C’l,> -f 28iF3CI + 8iF4 + (SSbCb) 

Booth and Swinehart, J. Am. Cliem. Soc., 54, 4751 (1932) ‘ / 

SbFa 

^ 1-887 

Antimony trifluoride electrolyzed in the presence of an e.\cc.ss of liydro- 
fluoric acid produced gray, crj'stalline antimony. 

28bF3 28b + 3F2 

G. Gore, Trans. Roy. Soc. (London), 149, 808 (1860) 106 

8b F5 

^ 1-888 

A dark brown compound i.s formed when antimony pentafluoride is 
heated with iodine aliove the boiling point of iodine. 

SbFi + I 8bF3l 

Ruff, Ber., 39, 4310 (1906) 

Ref., J. Chem. Soc. (London). 92, 98 (1907) j 
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SbFs 




A dark bluish-green crystalline mass is fonned when a mixture contain- 
ing iodine and an excess of antimony pentafluoride is heated to 160- 



2SbF5 + I - (SbF5)2l 

Ruff, Ber., 39. 4310 (1906) 

Ref., J. Chem. Soc. (London), 92, 98 (1907) 


1 


SbFs 

NHs 

Diamino-diantimony-trifluoroimide dihydrofluoride, a white powder, 
is fonned when antimony pentafluoride is treated with liquid ammonia 
at 100°C., in a platinum tube. 

2SbF5 + 3 NH 3 ->NH(SbF3-XHrHF)2 + (H 2 F 2 ) 

Ruff, Ber., 39. 4310 (1906) 

Ref., J. Chem. Soc. (London), 92, 98 (1907) ^ 


SbFs 

NOCl 1-891 

AgF 

.\ntunony pentafluoride will react with nitrosyl fluoride yielding a col- 
orless, crystalline addition product, (a). The nitrosyl fluoride is pre- 
pared by the reaction of nitrosyl chloride with silver fluoride at a tem- 
perature of 250-280°. 

(a) SbFs + NOF SbFft- NOF 

(b) NOCl + AgF NOF + AgC\ 

(). Huff, Z. anorg. Chem., 68, 325 (190S) 


SbF: 


NOF 


1-892 


A double compound results when nitrosyl fluoride reacts with antimony 
pentafluoride. 

SbFs + NOF SbFs-NOF 


Ivuff., Z. anorg. Cliem., 58, 325 (1908) 

Uof., J. Chem. Soc. (London), 94. o84 (1908) 
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H 2 F 2 


SbFi 


Small crystals separate Avhen sotlimn carbonate is added to an excess 
of hydrofluoric acid containing a solution of antimony pentafluorido. 

SbFft 4- 2 Na 2 C 03 + H 2 F 2 ^ SbOFs XaF-HaO + (3XaF + 2C.)J 

Marigiiac, Ann., 146, 245 (1868) 


1-893 


SbF, 


1-894 


A daik blue compound is formed when sulfur dissolves in antimony 
pentafluoride, which decomposes in the presence of moisture. 

(a) SbFs + S SbFeS 

(b) 2SbF5S + lioO ^ 2SbF3 -h S + SOF 2 + H 2 F 2 

(c) SOF 2 + H 2 O ^ SO. -b IFF. 

Ruff, Ber., 39, 4310 (1906) 

Ref., J. Chem. Soc. (London), 92, 98 (1907) ; 

SbF&KF 

KF 1-896 

Beautiful shining crystals are obtained when S!>F 3 KF is treatt'd witli 
an excess of potassium fluoride. 

SbFfi KF + KF + 211.0 -^SbF5 (KF)2-2fFO 

Marignac, Ann., 146, 243 (1868) ; 

SbFs-XIFF 

NH 4 F 1-896 

Rectangular leaves are obtained when SbFs-XIhF is dFsolved in an 
excess of ammonium fluoride. 

SbFfi XlFF + XIFF -^SbF5-2XIl4F 

Marignac, .\nn., 146, 247 (1868) t 


(SbF5)2-Sb(:U 

NOF 1-897 

A double compound Inus Ikm-ii made Iw tlu' action of nitrosyl fliiorid(‘ on 
antimony chlorofluoride. 

(SbF6)2-Si)Clo + 2XOF ->2Sbl'6-XOF + (SbOh) 

Otto RufT, Z. anorg. Chem., 58 , 325 (1908.) 
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SbHs 

AgNOa 1-898 

Silver nitrate in the presence of some dilute hydrochloric acid absorbs 
stibine to produce antimony, silver, and nitric acid. 

GAgNOa + 2SbH3 2Sb + 6Ag + 6HNO3 

Carmelo Russo, Gazz. chim. ital., 34S 197 (1904) 


SbHa 

AgNOa 1-899 

Stibine is completely decomposed by silver nitrate, the reaction products 
being nitric acid and silver antimonidc. 

This reaction fonns the basis of a convenient method for estimating 
stibine in a gaseous mixture. 

SAgNOa -f SbHa -> SbAga + 3HNO3 

H. J. S. Sand, E. J. Weeks and S. W. Worrell, J. Chem. Soc., 123, 458 (1923) 48 


SbHs 

AgNOa 1-900 

Metallic silver and antimonous acid are produced when stibine reacts 
with silver nitrate. 

(a) SbHs 4- 3AgN()3 -> AgjSb + 3HNO3 

(b) AgsSb + 3AgN03 + SHoO + HgSbOa + 3HNO3 

Reckleben, Ber., 42, 1458 (1909) 

Ref., J. L. Howe, J. Am. Chem. Soc., 31, 1297 (1909) i 


SbHs 

HgCh 1-901 

Stibine, when passed over a paper strip wet with mercuric chloride 
solution, deposits gray-brown flecks of free antimony. Calomel and 
hydrochloric acid are formed at the same time. 

GHgCU + 2SbH3 -> 2Sb + 3Hg2Cl2 -f- 6HC1 

Mayencon, Bergeret and A. Henninger, Ber., 7, 1444 (1874) 


SbHa 

KMn04 1-902 

Gaseous stibine reduces potassium permanganate solution. 

2KMnt)4 + SbHa -> MnoO^ + KoHSbO^ + HoO 
Jones, J. Chem. Soc. (London), 33, 98 (1878) 
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SbHa 

NaOH 

a I J X. , , . 1-903 

ij ride is formed when gaseous antimony hydi’ide 
(stibme) acts upon solid sodium hydroxide and when the resulting 

greenish compound is decomposed by means of water or diluted hydro- 
chloric acid. 

(^) SbHa + 3NaOH -> NagSb + 3 H 2 O 

2Na3Sb + OHCl ^ GNaCl + SbgHs -f- 2 H 2 

G. Druce, Chem. List., 19, 156 (1925) g 


SbH 


1-904 


Antimony hydride and sulfur under normal conditions in the sunlight 
give antimony sulfide and hydrogen sulfide. 

2SbH3 + GS 81)0.83 + SHoS 

Gerstl, Gazz. Chim. ital., 6, 509 (1876) o; 


SbH 


Stibine reacts with sulfur at 100°C to form the sulfitle and hydrogen 
sulfide. The reaction proceeds slowly at first but is quickly accelerated 
by sunlight. 

28bH3 “h G 8 — > 81)283 -h BHoS 

F. Joues, 

Ref., R. Gerstl., Her., 9, 588 (1876) 


1-906 


26 


SbH 


Se 


1-906 


At the temperature of boiling water (*lementary selenium decomposes 
stibine into antimony triselenidc and hydrogen selenide. 

281)11.3 + G8e — > 8bo8e3 -|- 3 H 28 e 

F. Jones, (’lieni. News. 98. 11 (1908) 25 


Sbll; 


1-907 


Stibine is decomposed I)}' the silent electric discharge in an ozonizer. 
Metallic antimony is obtained. 

Sbll;, ‘Ml 

H. Rcckleben aiul J. anoig. C,’hom.. 70, 275 (1911) 


28 
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Sblj. 

(C2H302)2Cu 1-908 

When antimony triiodide and copper acetate in equimolecular quanti- 
ties are waiined in moist amyl alcohol on a water bath for 4-6 hours, 
copper antimony oxjdodide is formed. 

Sbla + (C 2 H 302 ):>Cu + H 2 O ^ CuSbOIa + ( 2 HC 2 H 3 O 2 ) 

Vournazos, Compt. rend., 170, 1256 (1920) 

Ref., J. Chem. Soc. (London), 118, 437 (1920) 


Sbl3 

C6H6(CH3)2As 1-909 

Antimony triiodide is dissolved in boiling benzene and then treated 
with phenyl dimethyl arsine, dissolved in the same solvent. Orange 
colored prisms separate having a melting point of 165°C. 

SbTs + C6H5{CH3)2 As C6H5(CH3)2As-Sbl3 

G. J. Burrows and K. E. Turner, J. Chem. Soc. (London), 119, 1448 (1921) 


Sbl3 

Csl 1-910 

C’esium antimonous iodide results when solutions of cesium iodide and 
antimonous iodide are strongly acidified with hydriodic acid and allowed 
to crvstallize. 

' « 

3CsI 4- 2Sbl3 ^ (CsI)3-2Sbl3 

Wells and Metzger, Am. J. Sci., 161, 451 

Ilef., J. Am. Chem. Soc., 23, 199 (1901) 1 


Sbl3 

CuCN 1-911 

If cuprous cyanide and antimony triiodide are lieated together in dry 
xylene, cuprous antimony iodo-cyanide is formed. 

2SbL, + GCuCX ^Ciu[ 8 b 2 l 6 (CN) 6 ] 

N’ouriiazos, (’oiupt.. rend., 170, 1256 (1920) 

W. CHxldon, J. Chem. Soc., 118, 437 (1920) 
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HOH 


Sbl 


An unstable complex acid which soon passes over into antimony oxy- 
lodidc IS fonned when antimony triiodide is decomposed by water. 

Sbla H- H2O I-l2(SbOl3) 

H2(SbOr3) -4 SbOI + (2HI) 

Vournazos, Compt. rend., 170. 1256 (1920) 

Ref., W. Goddon, J. Clicm. Soc., 118, 437 (1920) 


1-912 


25 


Sbli 

Hg(CN). J. 9 J 3 

If mercury cyanide a»ul antimony triiodide are heated together in dry 
xylene, mercury antimony iodoc>'anidc is obtained which on treatment 
with moist amyl alcohol gives the antimony oxyiodide. If the heating 
is continued trimercuiw antimony iodocyanide is obtained. 

(a) sbia + ng(cx)2 ^ iig(Sbi3(CX)2) 

(b) Hg(SI>l3(C’X)2) + II., 0 ^ IlgSbOIa + (2HCX) 

(c) 3Hg(Sl>l3(OX)2) ^ IIg3(Sl).,Ifi(CX)6) + (Sbli) 

Vournazos, Compt. reiul.. 170, 1256 (1920) 

Ref.. J. Chem. Soc. (London). 118, 437 (1920) / 


Sbl3 

Hg(CN )2 

Complex iodoevanides are obtained by 
with mercuric evanide in drv xvlene: 


1-914 


healing anlimonv triiodide 


(a) SI>I;, -h lIg(CX)2 -> lIgSi)l3(CX)2 

(b) 2Sbl3 + 311g(C'X). -> Hg..Sh2lB(CX)« 

A. C. ^’oul•naso.s. Compt. r(*nd . 166, 526 IIOlS) 




Sbl3 

Hg(CN)2 1-916 

When antimony triiodide and mercuiic cyanide in etiuimoleeular pro- 
portions are warmed in moist amyl alcohol on a watto'hath for 4-0 liours, 
mercury antimony oxyiodid** is olitained. 

Sl)l3 d Hg(CX), f ild) ■ IlgSliOL, + (2H('X) 

^ ouriia/os. Compt. rood.. 170. IJoti (19201 

U<‘f., .1. Ciifiii. Sr.c.. 118, 137 'I'.rjo. I 
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SbL 

^2 1-916 

If a solution of antimony triiodide is made alkaline by the addition of an 
excess of sodium bicarbonate and titrated with 0.1 A iodine solution, 
the following reaction takes place. 

Sbis + L ^ Sbl6 

Beneker, J. Ind. Eng. Chem., 3, 637 (1911) 22 


SbL 

LiBr 1.917 

Triturate equimolecular quantities of dry lithium bromide and anti- 
mony triiodide with a solvent as acetic acid, xylene, etc., then heat on 

a water bath. Yellow-red crystals of lithium antimoniodobromide are 
formed. 

LiBr -I- Sbla (SbBrWLi 

A. Ch. Vournazos, Compt. rend., 176, 164-67 (1922) 2 


Shh 

Rbl I_918 

A solution of rubidium iodide in hydrogen iodide will react with anti- 
mony triiodide yielding deep red crystals. 

3RbI + 2Sbl3 -^ 3RbI 2S bl3 

H. L. Wheeler, Z. anorg. Chem., 6, 253 (1894) 28 


SbL 

S 1-919 

Sulfur forms addition compounds with antimony triiodide, when the 
reactants are mixed in the stoichiomctrical proportions in carbon di- 
sulfide. 

SbL + SSs^SbL-SSs 

Kleinboldt and Schneider, J. prakt. Chem., 120, 2.38 (1929) 

Ref., Hcrtel, Z. physik. Chem., 15B. 51 (1931) 

Kef., C. 13. Allsopp, Proc. Roy. Soc. (London), 168A, 176 (1937) 1^0 
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Sbl 


theoretical quantity of sulfur is treated with 

aSo7 truodide to fom long, very fine, bright yellow prisms of the 
addition compound which melts at 117°, 

SSfi + Sbla-^SSa-Sbla 
V. Auger, Compt. rend., 146, 479 (1908) 


1-920 


58 


Sbl: 


1-921 


Antimony triiodide is electrolyzed in the presence of excess hydriodic 
acid usmg an antimony anode. An active form of antimony results 
which may evolve heat and explode if lieated to about 340°F. 

2Sbl3 ^ 2Sb + ( 3 I 2 ) 

Sb (amorphous) ^ Sb (crystalline) 

G. Gore, Trans. Roy. Soc. (London), 162, 325 (1863) jo6 


As 


Sl)Li3 


1-922 


Lithium antiinonide, when heated witli ars(‘nie, yields lithium arsenide. 

ShLi^ + As — > A.sLia + Sb 

P. Lebcau, Compt. rend.. 134, 284 (1902) 2 


SbLi, 

1-923 

Lithium antimonide is decoinpo.sed l>y water with the formation of 
antimony and evolution of pure hydrogen. 

2SbLi3 + GHOII 2Sb + SIL + (GLiOII) 


Paul Lebeau, Compt. rend., 134, 284 (1902) 
Ref., J. Chem. Soc. (London), 82, 257 (1902) 


1 


SbLi.3 

NH 3 I_924 

At red heat lithium antimonide decompo.'ies ammonia, and hydrogen 

is evolved. 

2SI>Li3 + 2.\Th, 3112 + (2Li3X + 2SI>) 

P. Lebeau, Compt. rend., 134, 28t (1902) 2 
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SbLi: 


NH 


1-926 


A veddish-brown liquid is formed when lithium antimonide is dissolved 
in liquid ammonia, which contains the compound shown to be formed 
in the equation. 


SbLL + NH3 ^ (LLSb-NHa) 

Lebeau, Compt. rend., 134, 284 (1902) 

Ref., C. H. Bothamley, J. Chem. Soc., 82, 257 (1902) 


Sb02 


HCl 


1-926 


^\’hen heated with concentrated hydrochloric acid and potassium iodide, 
antimony dioxide yields antimony trichloride and free iodine. 


2Sb02 + GHCl + 2HI ^ 2SbCl3 -f 4 H 2 O + L 

Ref., W. P. S., J. Chem. Soc. (London), 114, 135 (1918) 



SMb 

HI 1.927 

Iodine is obtained when antimony dioxide is distilled with hydriodic 
acid in presence of hydrochloric acid. 

2Sb02 + OHCl + 2HI ^ 2SbCl3 + 4HoO + h 

I. V. Szil4gyi, Z. anal. Chem., 67, 25 (1918) 28 


Ag 1-928 

H2SO4 


A solution of antimony trio.xide in 
with a solution of metallic silver in 
ver sulfate. 


concentrated sulfuric acid will react 
.<ulfuric acid, yielding antimony-sil- 


+ msih + 2Ag ^ 2[SbAg(S04)2] + SO 2 + 5 H 2 O 

H. Kuhl, Z. anorg. Chem., 54, 256 (1907) 




antimony 

BaCl, 

Nfl2S203 

Unstable barium antimony thiosulfate is formed when a hydrochloric 

acid solution of antimony trioxide is treated with sodium tliLulfate in 
the presence of barium chloride at 3°C. 

Sb203 + 6HC1 2SbCl3 + 3H3O 
SbCb + HOH -> SbOCl + 2HC1 
(c) 4SbOCl + GBaCb + 12X838303 ^ 2Ba3(Sb(S203)3)2 

Szildgyi, Z. anorg, Cliein., 113, 69 (1920) ^ ^ ^ dXajO 

Ref., J. Chem. Soc. (London), 120, 207 (1921) 
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1-929 


1 


SbaOa 


1-930 


A powder containing a mixture of antimony trioxide and other mate- 

rials wa-s mixed with tartar and fused on charcoal. Antimony was 
formed. 

SbsOa + 30 ^ 2SI> + (300) 

George Pearson, Trans. Roy. Soc. (London), 81, 319 (1891) jos 


SbnO.^ 

ecu + CU 

A chlorine-carbon tetrachloride solution acts on antimony trioxith*, 
forming carbonyl chloride and antimony pentachloridc. 

SboOa + 2CU + 3(’CU -> 2SbCU + 3COCU 

Michael and Murphy, .\m. Chem. J., 44, 377 (1910) 13 


S 1)203 


CiHeOfi j_932 

When alcohol is added to a solution of antimony trioxide in a slight 
excess of tartaric acid in water, basic hydrated antimony tartrate i.s 
produced. 

^^hen the tartaric acid is in huge excc.-^s the normal .salt is produc(Hl as 
shown in eciuation (b). 

00 Sl)o ()3 + 2('dl.(), 4- hlU) -> Sh,(('dl6O6)20-t)H..O -h (O 2 .) 

(b) SlioOj 4- 3(Ml60r. + hlM) -> Sb2(Cjr6O6)3-0Il2O 4- f3f)) 

C. S. Evans, ycience, 1, 235 (ISHil) 7 .^ 
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SbjOa 

C 3 H 5 OH 1-933 

Antimony trioxide is reduced little by little to the metal by the action 
of ethyl alcohol vapors at 360®, with formation of water and acetalde- 
hyde. The semi-metallic powder produced has no appreciable catalytic 
action at this temperature. 

SbsOs + 3C2HBOH 2Sb + 3H2O + 3CH3CHO 

P. Sabatier and A. Mailhe, Corapt. rend., 147, 16 (1908) S8 


SbiOs 

CH 2 SHCOOH 1-934 

Colorless ciystals are obtained when a heated solution of antimony tri- 
oxide in thioglycolic acid is cooled. 

SbiOa + 6[CH2-SH*C00H] -f 2IH2O 

-■> 2[Sb(SCH2-C00H)3-12H20] 

A. Rosenheim and I. Davidsohn, Z. anorg. Chem., 41, 231 (1904) 28 


Sb203 

ChObHb 1-936 

Antimonio-tartaric acid is prepared In- dissolving antimony trioxide 
in an excess of tartaric acid, and removing the excess with acetone. 

(SbzOa + 4 C 4 O 6 H 6 2Sb(()lI)-(C4()6H6)2 + H 2 O) 


Blanchetiere, Bull. soc. chim., 27, 477 (1920) 

Ref., J. L. Delsal, J. Chim. phys., 35. 350 (1938) 69 


CaC204 1-936 

If one takes three moles of calcium oxalate mixed with one mole of 
antimony trioxide and heats strongly over a long period one obtains a 
reduction of part of the oxide according to the equation : 

3CaC204 4* SboOs 6CO2 -h 3CaO + 2Sb 

Oechsner de Coninck and Raynaud, Bull. Soc. Chim., [4), 9, 301 (1011) 



Sb203 


1-937 


Chlorine reacts with antimony trioxide below red heat to form antimony 
trichloride. 

2Sbo03 4- 6CI2 ^ 4SI>Cl3 4- (3O2) 

Humphry Davy, Trans. Roy. Soc. (London), 101, 25 (1811) 
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HBr 

Antimony trioxidc 
mony tribromide. 


Sb203 


was dissoh'od 


1-938 

in hydrobromic acid, yielding anti- 


SbsOa -f OH Hr — > 2SbBr3 + 3H2O 

G. Gore, Irans. Koy. Soe. (London), 162, 323 (1863) 




HCl 

Antimony trioxido 
mony trichloride. 


Sb203 


was dis.'iolved in 


1-939 

h3'drochlonc acid, forming anti- 


SboO:; + OHCI -^2SbCl3 + (3H2O) 

George Pearson, Trans. Uoy. Soc. (London), 81, 323 (1891) 


lOS 


bbQOs 


HCl 


1-940 


Antimonj' oxj'chloride is precii)itate(l when antimon\' trioxide dissolved 
in hj'drochlorie acid is treated with water. 


(a) 2SI)..C)3 + 12HC'l -> 4Si>(’l3 + OHoO 

(b) Si>C'l3 -h IM) -> SbOC’l + 2H<.’1 

J. B. Moyer, J. Am. Cliem. Soc., 18, 1032 (1890) 




HCl 

Cl 


1-941 


Dissolve antimoiiv trioxide in concentrated liydroehloric acid. Pass a 
stream of chlorine gas through the solution. At a temperature of 0° 
crystals of greenisli yellow coloi*, nudacldoro antimonic acid, are ob- 
tained. 

Sb203 + 8I[(’) + 2C’i-, + ldl.() "> (2HSbCl6)-BH.,() 

U. F. Weinland ami H. yclmiid, Z. anorg. Clioni., 44, 37 (1905) 


28 
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Sb203 

HCl + CL 1-942 

An acid is produced when antimony pentachloride, obtained by the ac- 
tion of fairly concentrated hydrochloric acid on antimony trioxide, is 
saturated with diy hydrogen chloride and cooled to 0°C. 

(a) SbzOs + 6HC1 + 201. 2SbCU + SHzO 

(b) 2SbCl5 + 2HCi -f H2O (HSbCDs-IEO 

Willard and McAIpine, J. Am. Chem. Soc., 43, 801 (1921) 1 


Sb.>03 

HCl 1-943 

Na2S203 

Sodium antimony thiosulfate is formed when a solution of hydrochloric 
acid and antimony trioxide is treated with sodium thiosulfate at low 
temperature, (3°C.). The corresponding potassium and rubidium 
.'!alts are formed when potassium chloride or rubidium chloride is added 
to the reaction mixture. 

(a) SboOa + GHCl ^ 2SbC!3 + 3H2O 

(b) SbCL + HOH ^ SbOCl + 2HC1 

(c) SbOCl + 2HC1 + 3Na2S203 ^ 3NaCl + H2O + Na3Sb(S203)3 

SziUgyi, Z. anorg. Chem., 113, 69 (1920) 

Ref., J. Chem. Soc. (London), 120, 207 (1921) 1 


Sb203 

HCIO 4 1-944 

Antimonyl perchlorate is formed in small needles when antimony tri- 
oxide is dissolved in hot 70% perchloric acid. 

Sb203 -f 2HCIO4 -{- H2O (Sb0.Cl()4).>-2H20 

Ficliter and Jenny, Helv. Chim. .\cta, 6, 225 (1923) 

Kef., J. Chem. Soc. (London), 124, 2-45 (1923) i 


HF 1-946 

Antimony trioxide and hydrofluoric acid produce antimony trifiuoride 
which is soluble in cold water without hydrolysis; its great importance 
lies in the foimation of double salts which arc used as mordants in 
dyeing, printing and tanning industries. 

(Sb 203 4 - 3H2F2 2 Sbp 3 4 “ 3112(4) 

C. Hardy, Chem. Ind., 38 , 364 (1936) 
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H,F2 


SbiO; 


triSde yi'-'di-'g antimony 

Sb203 + 3H2F2 2 SbF 3 + 3H2O 

G. Gore, Trans. Roy. Soc. (London), 149, 808 (1860) 


1-946 


105 


H2F2 


Sb>0; 


Antimony trifluoridc is fonned when antimony tiioxide is dissolved 
aqueous hydrofluoric acid. 

SbiOs + 3H2F2 ^ 2SbF3 + (3LI20) 

Fluckiger, Pogg. Ann., 87, 245 (1852) 

Ref., Ann., 84, 248 (1852) 


1-947 


in 


/ 


H2F2 + K2CO 


SboO; 


1-948 


Potassium fluoantimonutc i.s prepared by mixinp; 153 parts of anti- 
mony tiioxide with water and dissolving in it an excess of hydrofluoric 
acid and saturating the resulting mixture with 200 parts of potassium 
carbonate. 

SbiOj + OII 2 F 2 + 3K2C’()3 -> 2(3KF SbF3) + ((iH.O -f- 3 CO 2 ) 

Fluckiger, Pogg. Ann., 87, 245 
Ref., Ann., 84 , 250 (1852) 


I 


HI 


SbsO; 


1-949 


Antimony trioxide was dk^olved in hydiiodie acid yielding antimony 
triiodide. 

SbsO.-, + Olil ^ 2Sl)l3 + 3ir->() 

G. Gore, Trans. Roy. Soc. (London), 162 , 325 (1863) 


105 


S 1)203 

^3^03 1-960 

^licroscopic needles form when a pure solution of phosphorous acid is 
added to antimony oxide. 

Sb20:, t- ‘illai’Oj ' 2 Sb(> 11,1*03 -L ( 11 , 0 ) 

Grutzner. An-li. l*hann.. 236, 603 (lH07i 

flef,, .1. (’hctii. Sue. ( 1 . 74, JI6 tlsOs. / 
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SbjOa 

H2SO4 1-951 

Antimony trioxide when digested with moderately concentrated sul- 
furic acid foims antimony sulfate. 

SbsOs 4- 3 H 2 SO 4 ^ Sb2(S04)3 + 3 H 2 O 
C. Schultz-Sellack, Ber., 4, 13 (1871) // 


Sb^Os 

H2SO4 1-962 

CaS 04 

SrS 04 

BaS04 

To a solution of 3 grams of antimony trioxide in 150 cc of concentrated 
sulfuric acid a solution of 4 grams of calcium sulfate in 80 cc of sulfuric 
acid is added. This mixture is concentrated. After cooling needles of 
antimony calcium sulfate are obtained. The same type reaction occurs 
with strontium sulfate and barium sulfate. 

(a) Sb203 "h 3H2SO4 + CaS04 4- 3H2O Sb2 Ca(S04)4*()H2O 

(b) SbaOs + 3H2SO4 4- SrS04 4- 3H2O -> SI^Sr(SOd4-0H2O 

(c) SbaOa + 3H2SO4 4- BaS()4 + BH.O Sl^(S^4-0H2O 

H. Kiihl, Z, anorg. Chcin., 54, 256 (1907) 28 


SbsOj 

H2SO4 1-963 

Na 2 S 04 

K2SO4 

(NH4)2S04 

10 grams of antimony trioxide are heated with concentrated sulfuric 
acid; 5.5 grams of sodium sulfate are added. By cooling this solution 
needles of antimony-sodium sulfate are obtained. The same type reac- 
tion occurs with potassium sulfate and ammonium sulfate. 

(a) SboOs + 3H23O4 4 - Na2S04 Sb2(S04)3-Na2S0 4 + SILO 

(b) ^h 20 , 4 - 3H2SO4 + K2SO4 -> Sb 2 (S 04 ) 3 - 1 x 2304 4 - SH.O 

(c) SbiOs + 3H23O4 4 - (NH4)2S04 ^ 31)2(304)3 ■(NH4)3S04 + 3H2O 

L. MeUl, Z. anorg. Chem., 48, 140 (1906) 
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H2SO4 * SOs 

d^solves in fuming sulfuric acid to form a sulfur 
trioxide addition product of antimony sulfate. 

^*^203 + 3H2SO4 -> SbjCSOi)^ + 3H2O 

(t') Sb2(S04)3 + so 

C. Schultz-Sellack, Ber., 4, 112 (1871) 


1-954 


»3-^Sb2(S04)3-S0; 


11 


■a cy r\ Sb203 

H2Se03 j 

Freshly produced antimony trioxide treated with concentrated seleni- 

ous acid yields white, lustrous, crystalline tablets of a hydrated basic 
antimony selenite. 

2Sb203 + 4H2Se03 lSb 20 (Se 03 ) 2 ] 2 -H 20 + (SHaO) 

L. F. Nilson, Nova Act. Reg. Soc. Sci. Upsal., Series 3, Vol. 9, No. 7, 111 (1874) lO 


I2 

H2O 


SbaOa 


1-956 


Antimony trioxide, iodine jukI water react to form antimony pentoxidc 
and hydriodic acid. 

SbaOa -f- 2 I 2 + 2 H 2 O — ► Sh205 + 4HI 

G. F. Bergli, Sv. Farm. Tidskr., 8, 318 (190-1) 


10 


Sb203 

KBrOa I_957 

In the iiresonce of .sodium or potassium sulfate, sulfuric acid, hydro- 
chloric acid and a few drop.s of Poirier’s orange, antimony may bo 
quantitatively determined by titrating witli potassium bromate. 

381)2(^3 -h 2 KBr 03 -^aSboOs + 2KBr 
L. Bertiaux, Bull. Soc. C'him. [IVI, 27, 771 (1920) 5/ 


SboOj 

KMn 04 1-968 

In the pre.sence of sodium oi‘ potassium sulfate, sulfuric acid, hvdro- 
cliloric acid and a few diop.'^ of Poirier’s orange, antimonv mav be 
(luantitatively (Udfu-miiKHl by titrating witli ])(>ta.ssium iiormanganate. 

oSboOs + iKMnOi oSb-jOj + -iMnC) -f 21x20 

L. Bertiaux, Bull. .soc. chim [IV], 27, 770 (1920) 5/ 
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SbsOj 

KMn04 1-969 

HCl 

Antimony trioxide is transfonned into antimony pentoxide by the ac- 
tion of potassium permanganate and hydrochloric acid on antimony 
tiioxide. 

5Sb203 + 4KMn04 + 12HCI SSb^O, + 4AInCl2 + 4KCI + 6 H 2 O 

A. Guyard, Chem. News, 9, 13 (1864) 101 


SbzOa 

KOH + CeOsHio 1-960 

A complex (emetic) is formed in the neutralization of a solution of anti- 
mony trioxide in saccharic acid; 

(CeOaHio -i- Sb203 + 2KOH ^ K2Sb2(0H)2C608H4 + SHjO) 

Pariselle and Chirvani, C.R., 199, 203 (1934) 

Ref., ,1. b. Dclsal, J. Chim. phys., 36, 350 (1938) 69 


SboC ).i 

(NH4)2C03 + H 2 F 2 1-961 

Large rhombic crystals of ammonium fluoantimonate are formed when 
antimony trioxide is dissolved in hydrofluoric acid, and the solution 
saturated with ammonium carbonate. 

Sb203 -f 0H2F2 + 2(XH4)2C'03 ^ 2 ((XILF) 2 -SbF 3 ) -b (SH.O -h 2CO2) 
Fluckiger, Pogg. Ann., 87, 245 

Ref., Ann., 84, 253 (1852) f 


SbsOs 

NH4l 1-962 

Antimony trioxidc on ignition at 400 ®C. reacts witli ammonium iodide 
foiming volatile products as follows. 

Sb,03 + 6XH4I ^ 2Sbl3 + GXH3 + 3H2O 

Earle R. Caley and M. Gilbert Barford, Ind. Eng. Chem., Anal. Ed., 8, 114 (1936) U 
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N&2CO3 


Sb203 


Antimony trioxicle reacts witli sodium carbonate evolving carbon 
dioxide and forming sodium antimonite. 

SboOa -f- Na.COa ^ 2XaSb()2 + CO. 

G. F. Bcrgh, Sv. Farm. Tidskr., 8, 183 (1904) 


1-963 


w 


SbjOa 

Nft2p2 

+H2F2 

Small transparent cr^'stals of sodium fluoantimonate are formed when 
an equivalent amount of antimony trioxide is dissolved in an excess of 
liydrofluoric acid and then a solution containing; three eauivalents of 
sodium fluoride is atldetl. 

SlhOa + 3H2F2 H- 3Xa,ls ^ 2XaF.-SbF., + (3H.O) 

Fluckiger, Pogg. Ann., 87, 21o 
Ref., Ann., 84, 252 (1852) 


T-964 


/ 


SbjOa 


NaOH 

C4O6H6 


1-966 


In the neutralization of a solution of antimonv trioxide in malic acid, a 

V f 

complex is formed, which is stable only in an excess of acid, (a). At- 
tempts to cry.stallize it yield a double salt, (h). 

(a) (SboGa + 2C'405H6 + 2Xa()II 2(0II)C405ll3SbXa + SH.O) 

(b) (SSboOa + I2C4O6H6 + SXaOH 

^2Xa4lI.(Sb()H).-,(C406Hd6-2Il2{) + "H^O) 

.1. L. Dcisal, J. C'him. i>l«y.«., 36, 350 (I03S) 


69 


SI >.03 

S 2 CI 2 1-966 

0 grams of antimony trioxicle and 8.2 grams of sulfur monochloride 
were heated together in a sealed tube for three hours at 120°C. The 
tube was cooled and chilled without opening. Only enough water was 
added to the reaction mixture* to allow removal to a distilling flask. 

The mixture was distilled ami antimony trichloride solidified in the re- 
ceiver. 

2Sb.;()3 -p ()S.( 'l-j — ' 1SI)( l.-( -p 3S(). T OS 
H. Prin/. Ann., 223, .3.")5 (\SSi) iO 
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SbaOa 

SH • C 2 H 4 ’ OH 1-967 

Colorless crystals of the antimonous mercaptide shown below are ob- 
tained by warming monothio-ethylene glycol with antimonous oxide, 
diluting the solution with alcohol and allowing- to crystallize. The 
product is soluble in monothioethylene glycol. 

Sb 203 + 4SH C2HtOH ^ (Sb 0 H) 2 -(SC 2 H 40 H )4 + H 2 O 

George M. Bennett, J. Chem. Soc. (London), 121, 2143 (1922) 43 

Sb 203 

SOCI2 1.900 

Antimony trichloride forms when thionyl chloride reacts with anti- 
mony trioxide at ordinary temperature. 

Sb203 + aSOCb 2SbCl3 + 3 SO 2 

North and Hageman, J. Am. Chem. Soc., 36, 364 (1913) / 


Sb 203 


SOCI2 1.909 

Antimony pentachloride is obtained when antimony trioxidc is heated 

at 150 ° for so\'eral hours with an excess of thionyl chloride in a sealed 
tube. 


3Sb203 + ITSOCb OSbCL + 13S(). + 2S.C1. 

North and Hageman: J. Am. Chem. Soc., 36, 355 (1913) 


/ 


SbsOa 


1-970 


Antimony trioxide dissolved in sodium pyrophosphate and electrolyzed 
produced antimony, which did not show any heat evolution. 

SboOa 2vSl) + (3(0)) 

(1. Gore, Trans. Roy. Soc. (London), 148, 191 (1859) 


W 6 


SboO; 


1-971 


A solution of antimony trioxide is brought into solution in a mixture of a 
saturated sodium hyposulfitc solution and an aqueous potassium cya- 
nide solution, .\ntimony deposits at the cathode. 

2bb203 + t — > 4Sb -|- 3 O 2 

A. Hollard, Ann. Chim. Anal., 8, 282 (1903) 76 
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CjHfiOH 


SboO; 




1-972 


Antimony pentoxide is slowly reduced to the metal by the action of 

ethyl alcohol vapors at 360°, with formation of water and acetaldehyde. 

Ihe semi-metallic powder produced lias no appreciable catalytic action 
at this temperature. 

SbaOfi + SCaHsOlI -> 2Sb -f- oHoO + SCHgCHO 

P. Sabatier and A. Maillic, Compt. rend., 147, 16 (1908) 


38 


HF 

NH4F 

RbF 


SbsOs 


1-973 


A solution of antimony pontoxide and ammonium fluoride in 40% hydro- 
fluoric acid is evaporated on the water bath. Crystals of ammonium 
fluoantimonate are obtained. The same type reaction occurs with 
rubidium fluoride. 

(a) Sb.Oa + 2XH4F -f- lOHF 2XH4SbF6 + oH^O 

(b) Sb.Oo + 2HbF + lOHF 2RbSbF6 + SII.O 

W. Lange and K. .Vskitopoulos, Z. anorg. Chcm., 223, 369 (1935) 28 


Sb^Oi 

S 2 CI 2 1-974 

2 grams of antimony pentoxidc and 4 grams of sulfur monochloride are 
mixed in a tulie and sealed. The tulx* is heated at l()()°(\ until a 
homogeneous mixture is obtained. The tulie is cooled. The contents 
are then transf(*rred to a distilling flask and distilled, ('rvstals of an- 
timon\' trichloride solidif}* in the receiver. 

281)205 + OSoCl,. dSbClj + oSO. + 7S 

H. Prinz, Ann., 223, 358 (1884) 20 



SboO 


5 


Antimony' pentoxidc is reduced by sulfur dioxide. 

Sb2()6 + 2SO2 ^ 1)203 -b 2SO3 
L. W. McCay, J. Am. Chem. Soc., 60, 370 (1928) 


1-976 


/ 
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SbaOs 


1-976 

An intermediate oxide of antimony is formed when antimony pentoxide 
is heated at 300 °C. 


2Sb206 ^ 2Sb204 + O 2 
Geuther, J. prakt. Cheni., 4, 438 (1870) 

Ref., Ann., 186, 111 (1877) 


Sb-iOs 

A 1.977 

Antimony dioxide is formed when antimony pentoxide is heated to a 
bright redness. 

2Sb206 ^ 4Sb02 + O 2 

Szildgyi, Z. anal. Chem., 67, 23 (1918) 

Ref., J. Chem. Soc. (London), 114, 135 (1918) l 


SbOCl 

HoO 1.978 

Boiling water hydrolyzes antimony oxychloride to form a complex salt 
and hydrochloric acid. 

4SbOCl + HoO Sb 203 - 2 Sb 0 Cl + 2PIC1 

Sabanejeff, 

Ref., Von Richter, Her., 4, 409 (1871) // 


SbOCl 

A 1-979 

Heating antimonyl chloride in a closed tube forms antimony trichloride 
and suboxj'chloride. 

5SbOCl SbCb + Sb203*2Sb0Cl 

Sabanejeff, 

Ref., \'on Richter, Ber., 4, 409 (1871) II 


SbOCb 


Na 2 C 03 

Antimony trioxide is formed when 
with sodium carbonate. 


1-980 

antimony oxychloride is decomposed 


(a) SbOCb + Na>C03 SbOCl + Cb + NaoCOj or 
SbOCb + NaoCOs -> SbOCl + (2NaCl + O + CO 2 ) 

(b) 2SbOCl + Na 2 C 03 2NaCl + CO 2 + SbsOa 

Daubrawa, Ann., 186, 122 (1877) ^ 
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H,F 


SbOFa-NaF-HzO 

0 

Cubical coastals separate when antimony oxyfluoride-sodium fluoride 
IS dissolved in hydrofluoric acid. 


1-981 


SbOFa-NaFHsO + H.Fs 

Marignac, Ann., 146, 245 (1868) 


SbFs • NaF + 2H2O 


1 


Sb(OH)3 

(NH4)2F2 j_gg2 

^Vntimony hydroxide will react with a boiling solution of ammonium 
fluoride yielding colorless crystals of antimony ammonium fluoride after 
the excess water has been e\'aporated. 

2Sb(OH)3 + SCNHdaF. 2SbF3-(NH4)2F2 + 6NH3 + CH.O 

H. V. Helmholt, Z. anorg. Cliein., 3, 115 (1893) 28 

Sb.O- (8003)2 -HiO 

H2Se03 I_983 

When the hydrated basic antimony selenite is digested with selenious 
acid at 60° prismatic crystals of antimony selenite selenium dioxide and 
water are fonned. 

(Sbs- 0(8003)2)2-1120 + IHiSeOa -^2Sb2(Se03)3-Se02 -f 5HoO 

L. F. Nilsou, Xovii Acta Reg. Soc. Sci. Upsal. (3), Vol. 9, No. 7, 112 (1874) 10 


86283 


CaHs 1-984 

A stoichiometric mixture of antimony trisulfide and calcium hydride is 
readily ignited and partial reduction to the metal proceeds smoothly 
with extraordinary swelling. The small \deld of metal is accounted for 
by the formation of complex calcium antimony sulfide compounds. 

(a) 28b..S3 + 3CaIl2 ^ 3Ca8 + SILS + 4Sb 

(b) 86283 + 3Ca8 Ca3(8bS3)2 

F. W. Perkin and L. Pratt, Trans. Far. Soc., 3, 183 (1907) 86 


SI),S 


2*^3 


Cu 


1-986 


Antnnony trisulfide reacts with cop])er at elevated temperatures to 
produce the sulfide of copper and free antimony. 

3Cu -b 86283 3Cu8 -h 28b 

G. Marchal, Bull. Soc. Chiin. |IV], 33, 599 (1923) 31 
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CuCl 


1-986 


By heating a mixture of cuprous chloride and antimony trisulfide to a 
temperature of 300°, gray crystals (a) or a black powder (b) is obtained. 


(a) GCuCl + 7Sb2S3 ^ SCu^Sb^S; + 2SbCl3 

(b) 3CuCl + Sb^Sa CuaSbSj + SbCb 


H. Sommerlad, Z. anorg. Chem., 18, 420 (1898) 



SbiSa 

1-987 

When antimony sulfide is reduced by hydrogen at 600°C in a sealed 
tube the gas phase contains, at equilibrium, both hydrogen and hydro- 
gen sulfide and the solid phase is a solution of antimony in the sulfide. 

SbzSs + 3 H 2 2Sb -i- 3 H 2 S 

H. P^Iabon, J. Chim. phys., 2. 321 (1904) $9 


HCl 



1-988 


Antimony trisulfide or trioxide reacts dircctlv with the chlorine in 


hydrochloric acid to produce antimony pentachloride. (Thus it may be 
used as a catalyst in organic reactions). 

(Sb2S3 + lOHCl ^ 2SbCl5 + 2H.. + 3 H 2 S) 

C. Hardy, Chem. Ind., 38, 364 (1936) 




SbiSa 


1-989 


Antimony trisulfide, when treated with O.LV iodine solution, 30-50 cc 
of concentrated HCl, and with about 2 g. of tartaric acid, is changed 
to the triiodide when heated almost to boiling temperatures. 

&b2S3 “b 3I2 — ^ 2Sbl3 + 3S 

Beneker, J. Ind. Eng. Chem., 3, 637 (1911) S* 


SbsS^ 


KOH 


1-990 


trisulfide dissolves in an exce.^s of potassium hvdroxide. 

(a) SbeSa -b 2KOH KvSbS. + KSbSO + UJ) 

(b) KSbS,. + 2KOH ^ K 2 S -b KSbSC + II/) 

Curtman and Marcus, J. .\m. Chem. Soc., 36, 1097 (1914) 


/ 
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KOH 

CuO 


Sb^S; 


1-991 


A suspension of antimony t.isulli.le in potassium liydroxide solution is 

heated «-.th cupr.c oxide for 30 minutes. By filtering off from the 

cupiic sulfide tormed, the potassium antimonate in the filtrate can be 
precipitated with alcohol. 


(a) 

(b) 


SbiSj + liKOlI IviSbDj + IxjSbSs + SHjO 
KaSbSa + 3C'u() ^ KsSbOs + 3CuS 
KsSbOa + 2CuS - 


(«) AsSIrUa + 2CuS KjSbOaS + CuaS 

(d) KaSbOaS + Cut) KaSbOa + CuS 

S. A. Schon, Z. anoiR. Chem., 133, 40-1 (1924) 


IS 


&b2i*>3 

r-992 

Ihe compound 1^481)2^3 .separates when a solution containing one 
equivalent of antimony trisulfide and two of potassium sulfide i.s allowed 
to evaporate in a vacuum in the cold. 

SboSa + 2K2S K,81)..So 

Poubet, Conipl. rend., 124, l-l-lo (18!)7) 

Ref., J. Chem. Soc. (London), 72, 499 (1897) / 


K,S 


SboS 


Potassium metathioantimonite i.s formed when a solution containing 
one equivalent of antimony tri.sulfide and two of potaj^sium sulfide is 
heated out of contact with air. 

2.81), S 3 + 2K..S — 4KS1>S, 

Pouget, C’otnpt. rend., 124, 1445 (1897) 

Ref.. J. Cliein. Sor. (London), 72, 499 (1897) 


1-993 


1 


Sl^-jSa 

KgS I_994 

Normal pota.'^siiim thioantimonite is ol)tained as small white very deli- 
quescent crystals wlieo antimony trisulfide, dissolved in a concentrated 
solution of potassium sulfid(‘. is ra])idly concentrated out of contact with 
air. 

8^8,3 q- dl\-_.8 > 2 K 3 ‘ 8 b 83 

Pouget, Compt. rend., 124, I Ho (1897) 

Ref., Chem. Soc. (London), 72, 199 (1897) / 
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Sb 2 S 3 

Li2S I_995 

A solution of one part antunony trisulfide to three parts lithium sulfide 
on concentration gives crystals of lithium orthothioantimonite. 

SLLS -h Sb2S3 + 6H2O ^ 2(Li3SbS3-3H20) 

I. Pouget, Ann. Chim. Phys., 18, 530 (1899) 2 


(NH 4 ) 2 S 


Sb 2 S 3 


1-996 


Red crystals are formed when orange-red antimony trisulfide is heated 
with colorless ammonium sulfide in a sealed tube to 150 °. 


2Sb2S3 + (NH4)2S ^ (NH4)2S-2Sb2S3 

VI. von Stanek, Z. anorg. Chem., 17, 117 (1898) 



Sb 2 S 3 

(NH4)2S 1.997 

Yellow ciystals arc formed when antimony trisulfide reacts with am- 
monium sulfide. 

Sb2S3 + (NH4)2S + 4 H 2 O (NH4)2S-Sb2S3-4H20 

VI. von Stanek, Z. anorg. Chem., 17, 117 (1898) 28 


SbzSs 

Na 2 C 03 1-998 

Antimony trisulfide reacts with sodium carbonate to evolve carbon 
dioxide and leave antimony trioxide and sodium sulfide. The sodium 
sulfide unites with some of the antimony trisulfide to fomi sodium sulf- 
antimonite. 

0^) bb2S3 3Na2C03 — ^ Sb203 + 3Na2S -\- 3 CO 2 

(b) NasS + ShSz -> 2NaSbS2 

G. F. Bergh, Sv. Farm. Tidskr., 8, 183 (1904) tO 


ShzSs 

NaOH 1-999 

Stibnite, dissolved in a hot sodium hydroxide solution, yields antimonite 
and thioantimonite. 


Sb^Sa + GXa(4n NaaSbSj + NaaSbOa + 3H2O 

Tschernikhov an<l t’.^penskaya, Iiul. Eng. Chem. .\nal. Ed., 7, 309 (1935; 


33 



AXTIMOiW 


257 


NaOH 

A1 


SbaS; 


I-IOOO 


I2 


Stibmte sulfur may be determiaed alkali-soluble sulfide. The 
sample is extracted with hot sodium hydroxide solution, and the result- 
ing solution reduced by aluminum. This precipitates metallic antimony 
and leaves sulfur in solution as sulfide ion. Tlie sulfide aulfur is deter- 
mmed lodometncally by pouring the solution into a measured excess of 

standard iodine solution suitably acidified. The excess iodine is ti- 
trated with standard thiosulfate. 


(a) 

(b) Na 3 « 


SbiSa -h ONaOH NaaShSn + XasShOj + 3 H ->0 
S3 + XaaSbOs + 2 A 1 + (iXaOII 2Xa3Al03 

+ 2Sb + 3HoO + 3Xa2S 

(^) 3Xa->S + 3 I 2 — » 3S -f- ()\al 

J. A. tschernikhov and Titiana .\. Uspenskaya, Ind. Ung. Cheiu., Anal. Kd 7, 
309 (1935) ’ 


44 


Na^S 


SboS, 


I-lOOl 

Antimony trisulfide is .soluble in hot concentrated sodium sulfide solu- 
tion. 


( SbaSa + 3Xa2S — 2Xa3SbS3) 
McXabb and Wagner, Ind. Kng. Cliem. .Vnal. Kd.. 2, 2o4 (Il)30j 




0 


1-1002 

-Antimony trisulfide may l)e ti'ansformed into antimony trioxide I)}" 
heating the sulfide to high temperatures in roasting ovens. 

(2Sb2S3 -f 902-> 2.Sb2()3 + OSO 2 ) 

H. Todd, Chein. News 8, 33 (1863) 

Hef., M. Terreil, 13, 82 IIS661 jo / 


0.3 


S 1 ) 2^3 

Ozone at e!(*vated tcMuperal iire.'< transforms stibnite 

sulfate. 

-|- !();( — > Si)2fS(),)3 
A. Mailf(‘rt, Uoinpl. t<'nd , 94, 11 S 6 USSi.i 


1-1003 

into antimonv 


44 
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SbzSa 

PCls M004 

Phosphorus pentachloride reacts with antimony trisulfide to form 
phosphonis chlorosulfide. 

3 PCU + SbsSs ^ 3PSCI3 4 - 2SbCl3 

E. Baudrimont, Compt. Rend., 66, 423 (1862) iO 


Sb-iSa 

P 2 S 5 1-1006 

Antimonous thiophosphate is obtained when a mixture of antimony 
trisulfide and phosphorus pentasulfidc is heated. 

SbaSa -h P2S5 ^ 2 SbPS 4 

E. Glatzel, Z. anorg. Chem., 4, 186 (1893) 28 



PbCh 1-1006 

Gray colored substances are obtained when antimonous sulfide reacts 
with lead chloride at a high temperature. 

(a) 5Sb2S3 -f (>PbCL 3Pb2Sb2S5 + dSbCL 

(b) 2Sb2S3 + SPbCL ^ PbaSb^S^ + 2SbCl3 

(c) SShSz + SPbCL -> PbaSlvSg + 2 SbCl 3 

H. Sommcrlad, Z. anorg. Chem., 18 , 420 (1898) 28 


Sb2S3 

S + NaOH 1-1007 

Sodium thioantimonate is formed when a mixture of antimony tri- 
sulfide and sulfur is added to a boiling solution of sodium hydroxide. 

4Sb2S3 + 8S + ISNaOH oXacSbSi + 3 NaSh 03 + OILO 

Sartorius, Apoth. Z., 23, 342 (1908) 

Ref., Chem. Zentr. I, 2130 (1908) 

Rof., J. Chem. Soc. (London), 94 , 859 (1908) I 


ShiSs 

S 2 CI 0 1-1008 

Stibnitc is dissolved immediately by .sulfur monochloride with the evo- 
lution of much heat. 

SbiSa 4- 382Ci-. ^ 28bCi3 + 9S 

1 :. F. Smith, J. \m. Chem. Soe., 20, 291 (1S9S) ^ 
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SOCI2 


6SOCI2 + 2Sb..S3 48bCl3 + 38O2 + 9S 

H. Prinz, Ann., 223, 364 (1884) 


1-1009 


20 


SOCl 


S])oS 


203 


Antimony tiichlomle results wlien antimony trisulfide reacts niththio- 
nyl clilonde at 150-200° in a spaicci tube. 

SboSa -h (iSOCb — ^ 2SI)Cl3 + 380. + SSjOb 

North and Conover, J. Am. Chcin. Soc., 37, 2488 (1915) 


I-lOlO 


SOCb 


Sb.>8; 


Antimony Uisulfide is decompo.sed by thionyl chloride to yield anti 
mony trioxide and sulfur monocliloride. 

SbsSs + 3 SOCI 2 Sb.Oa + 382012 

Hugo Prinz, Ann., 223, 355 (1H81) 


I-lOll 


?*> 1)9^3 


1-1012 


When antimony trisulfide, dis.solved in potas.sium hydroxide, is electro- 
lyzed antimony is deposited without evolution of heat. 

81)283 + e ^ 2 8 b H- (38) 

0. Gore, Trans. Roy. Soc. (London), 148, 191 (1859) 


105 


I 


81)285 


1-1013 


Antimony pentiisulfide upon being treatcnl with an e.\cc.ss of O.hV solu- 
tion of iodine, 30-50 ce of concentrated IICl, 2 g. of tartaric acid, is 
changed to the triiodido by heating to almost the boiling point. 

8I>..85 + 3I2 -> 281)13 -1- 58 

Beneker, J. Ind. Eng. Chein., 3, 637 (1911) 


22 
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Sb2S6 

Mg 1-1014 

AVhen antimony pentasulfide is suspended in water and mixed with 
five times its weight of magnesium powder, it is reduced to antimony 
trisulfide and hydrogen sulfide is evolved. 

SboSs + 2 H 2 O + 2Mg SbzSs + 2 H 2 S + (2MgO) 

Pertusi, Ann. Chim. Anal., 20, 229 (1915) 

Ref., J. Chem. Soc. (London), 110, 53 (1916) 1 


SbiSs 

(NH4)3SbS4 1-1016 

On heating antimony pentasulfide with a solution of ammonium thio- 
antimonate at a temperature of 150° in a sealed tube red crystals are 
obtained. 


SbsSs + 2(NH4)3SbS4 ^ (NH4)2Sb4S7 + 2(NH4)2S3 

VI. von Stanek, Z. anorg. Chem., 17, 117 (1898) 



Sb2S5 

(NH4)oSbS4 1-1016 

Orthoammonium thioantimonate in solution heated in a sealed tube to 
150°C. with antimony pentasulfide yields pyroantimonate together 
with ammonium trisulfide. The tetrahydiated salt (NH4)3Sb4*4H20 
was also prepared. 

ShSf, + 2(NH4)3SbS4 -> (NH4)oSb4S7 -t- 2(NH4)2S3 

Hugo SchitT, Ann., 163, 209 (IS72) 


Sb2(S04)3 

AgjSO. 1-1017 

Colorless, cubic, doubly refracting crystals are obtained when a solution 
of antimony sulfate is treated with a strong sulfuric acid solution of 
silver sulfate. 

S1>.(S04)3 + Ag2S04 Ag2Sb2(S04)4 

Kuhl, Z. anorg, Chem., 64, 256 (1907) 

Ref., J. Chem. Soc. (London), 92, 627 (1907) 



antimony 
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BaS04 


^^^th a solution of barium sulfate in strong sulfuric acid. 

Sb 2 (SOi )3 + BaSOi + 6H2O ^ Sb2(SO4)3-BaSO,-0H2O 

Kuhl, Z. anorg. Chem., 64, 256 (1907) 

Ref., J. Chem. Soc. (London), 92, 627 (1907) 


1-1018 




^ Sb2(S04)3 

CaS04 

1-1019 

A double salt is formed wlien a solution of antimony sulfate is treated 
with a solution of calcium sulfate in strong sulfuric acid. 

SbaCSOOa + CaS 04 + 0 H.>O -> 862(804)3 •CaSO4 0 H 2 O 

Kuhl, Z. onorg. Chem., 64, 256 (1907) 

Ref., J. Chem. Soc. (Loiulon), 92, 627 (1907) 


H,0 


862(804)3 


Antimony sulfate decomposes on contact with water, forming in the 
cold a precipitate of antimonyl sulfate. 

862(80.1)3 + 211.0 ( 860 )^- 8()4 + 2112804 

S. Metzel, Z. anorg. Chem., 48, UO (1906) 

Ref., V. Thomas, Bull. Soc. Chim. (4) 2, 8 (1907) 


1-1020 


31 


H2O 


862(804)3 

2^ 1-1021 
Cold water reacts with antimony sulfate to form tlie compound pro- 
duced in equation (a), whereas hot water yields that i)roduccd in (6). 

(а) 2862(804)3 + 5II2O (81)203)2-803 + 5H2804 

(б) 7862(804)3 -6 lOlIoO -> (86203) 7 -2803 -h 19 H 2 S ()4 

R. H. Addie, J. C'hem. Soc. (London), 67, 541) (1890) 


4 i 


862(804)3 

KMnOi + H.O 1-1022 

The equation for the titration of antimony sulfate with a standard solu- 
tion of potassium permanganate is: 

5Sb2(S04)3 + -iKMnO., + 2-III2O 1011381)04 + 4MnS04 

+ 2K28O4 -h l)H..SO, 

D. J. Demorcst, J. Ind. Eng. Chem., 6, 842 (1913) 22 
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Sb2(S04)3 

KMn04 1-1023 

H2SO4 

A new short metliod for the accurate detennination of antimony in 
metals, alloys and ores is based on the titration of antimonous sulfate 
with potassium peimanganate in the presence of sulfuric acid. 

5Sb2(S04)3 + 4KMn04 + I6H2SO4 5Sb2(S04)o + 2K2SO4 

+ 4MnS04 4- I6H2O 

Silvc Kallmann and Frank Pristera, Ind. Eng. Chem., Anal. Ed., 13, 8 (1941) U 


Sb2(S(')4)3 

SrS04 1-1024 

A double compound is formed when antimony sulfate solution is treated 
with a strong sulfuric acid solution of strontium sulfate. 

Sl>2(S04)3 + SrSOi + GILO -^8b2(S04)3-SrS04-6H20 

Hugo Kiihl, Z. anorg. Chem., 54, 256 (1907) 

Ref., J. Chem. Soc. (London), 92 , 627 (1007) / 


862(804)3 

A H026 

Antimony sulfate on strong heating forms sulfur trioxide and antimony 
trioxide. 

862(804)3 Sb ..03 + 38O3 

C. Schultz-Sellack, Ber., 4, 13 (1871) // 


862(80.1)3-1X2804 

H2O M026 

-Vntimony potassium sulfate is decompo.sed by cold water yielding a 
precipitate of antimonyl sulfate. 

862(804)3-1x2804 + 2H2O (860)2804 + 2H28O4 + K2SO4 

L. Metzl, Z. anorg. Chem., 48, 140 (1006) 28 


862(804)3-(NH4)28()4 

H.O 1-1027 

Antimony ainmonium sulfate is decomposc'd by cold water yielding a 
precipitate of antimonyl sulfate. 

862(804)3 ■(NH 4 ) 2 S 04 + 2H2O (860)2804 + 2H2SO4 + (NH 4 ) 2 S 04 


L. Metzl, Z. anorg. Chem., 48, 140 (1906) 


28 


H,0 


antlmoxv 

Sb2(S0^)3■Xa2804 


203 


Sbj(SO.,)3 • Xa5S04 + 2 H ,0 (8bU);S03 + 2H,S04 + Na^SO, 

L. Metzl, Z. anorg. Chcin., 48, 140 {1906) 


1-1028 


>8 


Se 


Sb 

1-1029 

I’he elements selenium ami antimony in a finely ijowdered mixture com- 
bine at about 450 ° to fonn the selonicio. 

2 l>l) -|- 3 Se — Sb^Soa 

II. Polabon, J. chiin. phys.. 2, 321 (1904) 


00 


HCl 


ZiialSbSO, 

1-1030 

Pure antimony tetrasulfide is ])iepareti when zinc thioantimonate is 
decomposed with dilute hydrochloric acid. 

Zn 3 (Sb 84)2 + GHC'I 81), 84 -f- 3 ZnCl 2 -f- H282 + 211,8 

VUII F. Kirchon'. Z. amug. {'lu'ni.. 112, 67 (1920) 

Kef., J. Chem. 80 c. (bondon), 118 , 693 (1920) , 



ARSENIC 

« 

AgjAs 

AgN 0, 1-1031 

Silver arsenide decomposes in presence of nitric acid and silver nitrate. 

AgsAs + 3 AgNOa + 3H2O HjAsOj + 6Ag + 3HNO3 

Hans Reckleben, Georg Lockemann and Eckardt, Z. anal, Chem.46,671 (1907) 

Ref., J. Chem. Soc. (London) 94, 36 (1908) B5 


AgaAsBra 

Oi 1-1032 

Arsenic tiioxide is formed when silver tiibromoai’senite is heated in air. 

4Ag3AsBr3 + 3O2 2AS2O3 + (12AgBr) 

Sicgfred Hilj>ert and F. Herrmann. Ber., 46, 2218 (1913) / 


AgjAsOs 

C^Ha 1-1033 

Ethyl iodide reacts with silver arsenite to form triethyl arsenite and 
silver iodide. 

AgjAsOa + 3C2H5I -> (C2H6)3 AsOs + 3AgI 

Crafts, 

Ref., Ch. Friedel, Ber., 3, 621 (1870) 11 


AgsAsOs 

KOH 1-1034 

Silver arsenite is soluble in potassium hydroxide, but it decomposes 
very slowly, precipitating silver as a black powder. 

AgaAsOa + 3 KOH AgOH + 2^g + K3ASO4 + H2O 

A. Reynoso, Compt. Rend., 31, 69 (1850) 29 


AgsAsOs 

KOH M036 

Silver oxide precipitates when silver arsenite in solution is treated with 
potassium hydroxide. 

2Ag3As03 + GKOH -> -^-1- + 2K3ASO4 -f 3H2O 

Reichard, Ber., 27, 1019 (1894) 
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PdCls 

KsAsOj 


AgjAsO* 


M036 



silver and palladium is formed Tt^!! n ^ f ^ Precipitate of 


2AgjAs03 + 2PdCl2 + SKgAsOs + lOKOH 

^ 6 ^ + + 5I^As04 + 2 K 3 ASO 3 + 4KC1 + 5 H 2 O 

A. Reynoso, Compt. Rend., 31, 69 (1850) 



Acetylene silver arsenate 
tion of silver arsenate. 


Ag3As04 


1-1037 

IS prepared when acetylene reacts \nth a solu- 


llAg3As04 + 12C2H2-^ 
P. B. Oberdoerfcr and J. \ 


3[(H3.\s04)2-Ag,As04-4C3Ag,) + 2 II 3 ASO 4 
Nieuwlaiid, J. Am. Chctn. Soc., 44, 839 (1922) 



C2H5I 


Ag3^Vs04 


Ethyl iodide reacts \nth silver arsenate 
arsenate and silver iodide. 


1-1038 

in solution to form triethvl 


Ag3As04 + SC^IIsI — > (C2ll5)3As04 + 3AgI 

Crafts, 

Bef., Ch. Fricdel, Bcr., 3, 020 (1870) 


AgaAsO 


HBr 


1-1039 


A precipitate of yellow silver Bromide is formed when hydrogen Bro- 
mide reaets with silver arsenate in the eold. 

AgsAsOi + 3nHi' — > 3AgBr + (Il 3 A.s() 4 ) 

K. A. Atkinson, J. Am. Chctn. Soc.. 20. 806 (1808) 


/ 
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Ag^AsOi 

NH3 1-1040 

When ammonia gas is passed over silver orthoai'senate that has been 
dried at 100® silver orthoai'senate diammoniate is left. 


Ag3As04 + 2NH3 — > Ag3As04' (NH3)2 

0. Widman, K. Sv'. Vet. Ak. Handl. Ofver,, 31, No. 4, 43 (1874) 


10 


Ag3As04 

NH4OH 1-1041 

When freshly precipitated silver orthoarsenate is dissolved in ammo- 
nium hydro:dde and allowed to stand, after the addition of alcohol, 
transparent crystals of silver orthoarsenate tetrammoniate are deposited. 

Ag 3 As 04 -}- 4 NH 4 OH — > Ag 3 As 04 '-lNH 3 -1:H20 


Girard, Compt. Rend., 36, 793 (1853) 

Uef.. O. Widman., K. Sv. Vet. .\kad. Handl. Ofvers, 31, No. 4, 43 (1874) 


29 

to 


M042 


Ag3As04 

Zn 
H2SO4 

An algebraic method of balancing a chemical equation uses the follow- 
ing to illustrate the method employed: 

2Ag3*\s04 + llZn -f IIH2SO4 ^ 2AsH3 + 6Ag + llZnS04 + 8H2O 
Harry A. Curtis, Science, 66, 258 (1922) U 


Aga^AsiOo 

HNO3 M043 

Silver tetrarsenite is decomposed by nitric acid, giving off nitrogen di- 
oxide, and producing silver arsenate and arsenic trioxide. 

Ag6As409 -\- 4HNO3 — ^ 2 Ag 3 A.s 04 H- -VsoOs -f- 4NO2 "b 2H2O 

Girard, Compt. Rend., 34, 920 (1852) 


Ag6.\S40fl 

NaOH 

Silver tetrarsenite is decomposed l^y sotlium hydroxide with the forma- 
tion of metallic silver and silver oxide. 

Ag^\SiOs + CNaOH 4Ag + Ag20 + 2Na3As04 + 3H2O + AS2O3 


Reichard, Ber., 27, 1022 (1894) 
Uef., Ber., 31, 2163 (1898) 


1 


4 
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Ag.\sS2 


SAgAsSa Aga.-VsS 3 + AS 2 S 3 

Sommerlad, Z. anorg. Chem., 18, 420 (1898) 


1-1046 


1 


Ag4As2Sji 

ivi •. 

icn Mhcr pyioarsenito, obtained by heating silver chloride and 

arsenic tnsulfide without access to air. (a), is similarly heated, silver 
thioarsenite is produced (b). 

12AgCI + 5 AS 2 S 3 SAg^AsjSs + 4AsC'b 

SAg-AsoSs + ^ ^ dAgaAsSa + AS2.S3 

Berzelius, Pogg. Ann., 164, 202 

Bef., H. Sonimerlad, Z. anorg. Cliein.. 16, 177 ( 1897 ) >- 


Aluminum tnarsenic 
aluminum arsenide. 


AIAS 3 CI, 

1-1047 

tricliloride decomposes upon heating, forming 


AIAS 3 CI 3 — > AlAs + As + AsCMs 

Hutf aiul Stuib, Z. anorg. Chcin., 117 , 200 (1921) 


25 


AgNO; 


As 


1-1048 


Arsenious acid and silver arc foi incd w hen aisciiic is tr<‘ated with a neu- 
tral solution of sih'cr nitrate. 

As + 3 AgN ()3 + 311,0 II 3 ASO 3 + 3Ag + 3 IIN (>3 

Sendfien.s, Compt. rcinl., 104, 17o (1887) 


25 


AgNO 


\s 


M049 


A double compound is formed wlicii aix-nic n-acts with :i solution of 
•silver nitrate. 

2As b (iAgXO;, -{ 3il,<> '311X0., I IbAsO;, -b Ag:,.\s-3.\gXO:. 

1. Poleck and K. 'ri»uninn i, I9 r., 16, 2i;(.”) 


/ 'I 

V O 
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As 

AgNOs-NHs 1-1060 

An ammonical solution of silver nitrate is reduced to silver by arsenic 
when boiled, in the presence of ammonium nitrate. 

As + 5AgN03-NH3 + 3NH4NO3 + H^O 

+ (NH4)3As04 + 5NH4NO3 

H. Reckleben, G. Lockemann and A. Eckardt, Z. anal. Chem., 46, 671 (1907 ) 28 
lief., W. P. Skertchly, J. Chem. Soc. (London), 94, 36 (1908) 57 


As 


Ag20 


1-1061 


An ammoniacal solution of silver oxide is reduced by ai'senic. 

2As + 5Ag20 ^ AS2O5 + lOAg 

Reckleben, Lockemann and Eckardt, Z. Anal. Chem., 46, 671 (1907) 


25 


A1 1-1062 

At 750° and reduced pressure, yellow arsenic reacts with aluminum to 
form an amorphous powder resembling iron rust, whose composition is 
shown in (a). L^pon decomposition, this compound fields yellow ar- 
senic. AVhen heated in air, the compound is oxidized to ai'senic trioxide 
and alununum oxide, (b). The compound is ^'ery reactive: arsine is 
evolved upon exposure to moisture, (c). 

(a) (3A1 + 2As — > AI3AS2) 

(b) (4AI3AS2 i" I5O2 * 6AI2O3 4AS2O3) 

(c) (2AI3AS2 H" I8H2O — > dAsHa + 6A1(0H)3 -f- 3H2) 

Quasiin A. Mansuri, J. Chem. Soc. (London), 121, 2277 (1922) 


As 

Br. 1-1063 

S 

Mixing arsenic, sulfur, and bromine and cooling the mixture to —18° 
produces a red compound melting at —17°. The empirical formula of 
this compound is given below': 

2As H“ dS 3Br2 — ^ 2AsS2Br3 

J, B. Hamuiy, -I. C’hoin. Soc., (London). 33, 291 (1878) 
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As 

CCI4 
CHCI3 

Wten amorphous amenic is heated in a sealed tube at 160° uith carbon 
tetrachlonde, arsemc tnchlonde is formed. With chloroform the prod- 
ucts are arsemc tncWoride, hydrogen chloride, and amorphous carbon. 

As + ecu AsCI, -f ? 

2As -1- SCHCU ^ 2 ASCI 3 -t- 3HC1 + 3C 

V. Auger, Compt. rend., 146, 808 (1907) 

Ref., E. Horton, J. Chem. Soc. (London), 94, 13 (1908) 


1-1064 


57 


As 

1-1066 

Arsenic reacts vitli propyl iodide and forms the double salt of tetra- 
propyl ai'sonium iodide and arsenic triiodido. 

4 C 3 H 7 I -f- 2As — > (C3H7)4 AsI • Asis 

A. Cahours, 

Ref., A. Henninger, Ber., 6, 568 (1873) jj 


As 


(CjjH5)3Sb 

1-1066 

Triphcnyl arsine is obtained wlien triphenyl .stibine 
with finely powdered ai'senic for eight hours in a tube. 

is heated to 350° 

As + (C 6 n 5 ) 3 Sb — (CetyaAs + Si) 


Krafft and Neumann, Bcr., 34, 505 (1901) 

25 

As 

Cd 

1-1067 

Mixtures of cadmium and arsenic w(‘re melted tog(*tlier under a layer of 
lithium and j)()tassium clilorides. 'I'wo different arsenides were 
obtained. 

(a) Cd -t- 2As — CdAs 2 

(b) 3Cd -f 2.\.s -> CdaAs. 


3hemchuzknut, .J. Uiiss. Pliy.s. Clu'in. Soc., 46, iUi? 

28 
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As 

Cd 1-1068 

P 

Cadmium aisenide is formed when a mixture of cadmium and arsenic 
is subjected to pressure. 

2As + 3Cd CdaAsz 

W. Spring, Ber., 16, 324 (1883) 25 


As 

CL 1.1069 

Arsenic burned in chlorine forms arsenic trichloride. 

2As + 3Cl2 2AsCl3 

Humphry Davy, Trans. Roy. Soc. (London), 101, 23 (1811) ^ 

Ref., John Davy, Trans. Roy. Soc. (London), 102, 186 (1912) * 105 


As 

CI 2 1-1060 

Arsenic trichloride can be prepared by the action of chlorine on metallic 
arsenic. The compound thus obtained is purified by distillation and 
the fraction at 134° is collected. The molecular extinction coefficients 
of this substance range between 5-30, wherea.s those of antimony tri- 
chloride range between 600-3000. 

(2As + 3 CI 2 ^ 2AsC!3) 

Dumas, Ann. Phys., (I), 9, 308 (1827) 

Ref., Alexander K. Macbeth and Norah 1. Maxwell, J. Chem. Soc., 123, 374 

(1923) 48 


As 

CI 2 O 1-1061 

Arsenic reacts \rith chlorine monoxide to form aisenic pentoxide and 
arsenious chloride or arsenic oxychloride. 

(a) 16As + I 5 CI 2 O -> 3 AS 2 O 5 + lOAsCla 

(b) 12 As + 15CI2O ^ A.S2O5 + lOAsOCla 

Schutzeiiberger, 

Ref., Ch. Fricdel, Her.. 2, 210 (1869) // 
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Cr 


As 

1-1062 

By heating a mixture of amenic powder with chromium powder in a 

closed Bd.e or 30 houm at 700». chromium arsenide is obtained. When 

this IS distilled in a hydrogen atmosphere at 500° monochromium ar- 
senicte is formed. 


(a) 

(b) 


3As -h 2Cr — * CrjAsa 
Ci’oAsj — > 2CrAs -f~ As 


Til. Dieckmuim ami O. Ilauf, Z. anorg. Chem., 86, 2i)l (1914) 


28 


As 

Cr(amalg) 

C'hiomium arsenide is obtained when ar.seiiic and chromium amalgam 
are heated together in an evacuated tube at 700° for thirty hours. 


3.\s + 2Cr CrjAsj 

Til. Dieokmaiin ami llanf: Z. atiorg. CIilmii., 86, 293 (1914) 


26 


As 


Cu 


M064 


Cupric ai'senide was formed m Iiou a mixture of copper and ai’seriic was 
subjected to pressure. 

2As -f- 3Cu — > CU 3 AS 2 

W. Spring: Her., 16, 324 (1883) 


26 


Fe 


As 


1-1066 


Fe*As is obtained when a mixture of jxiwdered iron and ar.'^enie is dis- 
tilled at 700°C. in a .stream of hydrogen (a). 

Tf the mixture is heated in a closed tube for twelve hours at 700®C., 
FeAso is obtained (b). 


(a) 

(b) 


As + Fe ^ I''(‘As 
‘2As -j- Fe — > FeAs.. 


Hilpert and Dieckmann: Her., 44, 2378 (1911) 
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As 

Fe M066 

If arsenic and iron in powdered form, and in the proper proportions, are 
heated a complex arsenide is obtained. 

4As + 5Fe — > Fe&As4 

K. Friedericli, Met., 4, 129 (1907) 

Ref., Mellor, A. Comprehensive Treatise, 9, p. 73 SS 



H2 1-1067 

Arsenic reacts slowly Avith water at 340“ under a hydrogen pressure of 
180 atmospheres with the formation of a small amount of arsine and 
arsenic acid. 

4As + 2H2 + 4H2O SAsHs + H3ASO4 

I. Patiew: Ber., 69, 1412 (1926) . 35 


As 

H 2 1-1068 

H2O 

Arsenic may bo reduced to arsine at elevated temperatures by either 
liydrogen or water. 

(a) 2As + 3Il2^2A.sIl3 

(b) 4As + 3H2O ^ AS0O3 + 2 AsH 3 

H. M. Elsey, Science, 66 , 300 (1927 ) 44 


As 

HCOONa M069 

Sodium oxalate i.< formed together with the evolution of arsine, when a 
mixture of three parts of powdered arsenic and eight parts of sodium 
formate is heated to 400®. 

2As + (iHC’OOXa ^ 3 C 204 Na 2 + 2AsH3 

Vournasos; Ber., 43, 2264 (1911) 
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HjSOi ^ 

Zn 


1-1070 


^ alloy of 53% zinc and 47% areenic is prepared according to Cohen, 
[Z. physik. Chem. 26, 483 (1898)] and warmed with 30% sulfuric acid 
to give arsine The gas is dried irith calcium chloride and phosphorus 
pentoHde and condensed in a dry ice-chloroform trap. 

(Zn + 2As-Zn + 3H2SO4 -+ 2.‘lsH3 + 3ZnS04) 

R. Robertson and J. J. Fo.v, Proc. Roy. Soc. (London), 120A, 160 (1928) 


HgCl.. 



1-1071 


HgCl 

A mixtiiie of arsenic and mercuric chlorides when heated produces 
arsenic trichloride and free merciiiy. The same reaction occuis when 
mercurous chloride is substituted. 


(a) 2As -f SllgC’b ^ 2AsC’l3 + (3Hg) 

(•>) As -f 311gCI ^ AsClj + (3Hg) 

John Davy, Trans. Hoy. Soc. (I^omlon), 102, ISO (1812) 


As 


I 


1-1072 

NaHCOa 

Wlion arsenic, iotline aiul sotliuin bicaiboiuite are heated togetiier the 
result is disodiuin liydrogeii ar.'^eiiate, sodium iodide, carbon dioxide 
and water. 


As + 51 + TXallC'Oa Xa2HAs04 + 5XaI + 70(^2 + 3H2O 

T. Ageno anti X. CJuiccionlini, (lazz. Chiin. Ital. 41', 477 (1911) 


21 


As 


I 

NaHCO 


1-1073 


Elementaiy arsenic may be (luantitatively determined by means of a 
standard iodine solution (0.01 to 0. IX), in the presence of a slight excess 
of sodium bicarbonate. 1'he exco.^^s iodine is titrated back with stand- 
ard sodium ar.senite. 

A.S + 5I 4- 7XaIIC()3 Xa-.HAsO, + 5NaI + 7C()2 + m4) 

b. W. .\n(ir(‘\v.>< arn! II. \'. I'arr. Z. anorg. CIkmii., 61, 123 (1909) 


^•5 
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As 

h 1-1074 

A curved “Pyrex” tube is partially filled with one part of finely divided 
jHilverized arsenic and two parts of iodine. Air is evacuated by means 
of a suction pump and the tube is then filled with dry hydrogen gas. 

The tube is sealed and heated to the boiling point of the mixture for two 
hours. Ai*senic diiodide is formed. 

(As I2 — ^ ASI2) 

T. Karantassis, Bull. Soc. Chiin. (4), 37 , 853 (1925) Si 

Ref., J. Chem. Soc. (London), 128 , 994 (1925) 1 




1-1076 


Arsenic, heated with twice its weight of iodine in sealed tubes at 200° 
yields ar.senic monoiodide when recrystallized from carbon disulfide 
in an atmo.sphere of carbon dioxide. The compound easily decompo.scs 
to give ar.senic triiodide. 


(a) (2As + I2 — * AS2I2) 

(b) (3AS2I2 — > 2ASI3 + 4As) 

Bamberger and Philipp, Ber., 14, 2(U3 (1881) 109 

Ref., Hewitt and Wininill, J. Chem. Soc. (London), 91, 962 (1907) lOS 


As 

I 2 M076 

Finely divided arsenic in benzene, such as that formed by reduction 
with hypophosphite, is quantitatively oxidized hy iodine in water 
solution. 

2.As + 5I2 + 0H2O AS2O5 4- lOHI 

B. S. Evans, Analyst., 62, 567 (1927) 40 


As 

ICN 1-1077 

.\rsenic cyanide is formed when veiy finely powdered arsenic and iodine 
cyanide are heated with carbon di.sulfide in a melting tube. 

As + 3 ICN ^ As(CN) 3 -f- 31 

E. Geuenez, Coiiipt. rend., 114, 1186 
Kef., Alex Xauinaiiti. Ber., 26, 561 (I893,i 
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IrCl, 

RhCla 

RuCU 

PtCU 

PdCl-, 



1-1078 


By heating a mixture of ai-senic and iridium trichloride in a hydrogen 
atmosphere at a temperature of 500-500" iridium diai^enide is obtained 
Ihesame type reaction occum witli rhodium tiiclilonde, ruthenium tri- 
chloiide, platinum trichloride and palladous chlondc. 

3 As + IrCU — ^ IrAss -h AsCh 


(b) 

(c) 

(d) 

(e) 


3As -h RhCh 
3As -h RuCh 
3As -h PtCb 
8As + 3PdCb 


^ RhAso + AsCb 
■ RuAs 2 4~ AsCla 
Pt^Vs 2 H" AsCls 
3PdAs2 + 2AsCl3 


L. Wohler and K. F. A. Kwald, Z. anorg. Chem., 199, 57 (1931) 


28 



KCIO3 

KOH 

A mixture of potassium chlorate, potassium hydroxide and i 
fused carefully, yielding potassium arsenate. 


1-1079 

msenic is 


IOKCIO 3 -h 30KOIT + 3 As 4 ^ lOKCl -h 12K3AsO^ + ISH.O 

Schulze, J. Prakt. Clicni., 21. -132 (ISSO) 



As 

KaCfsO? 1-1080 

H 2 SO 4 

Arsenic may be determined by oxidation with potassium dichromate and 
sulfuric acid at 60°. 


5R2Cr207 -f- 20T1-.'S()4 -f- (i.\s 

> r>K..s ()4 + 2oir.t) + 501-2(804)3 + 3AS2O0 

Cliciii, Wr.-Uhlad . 3. 31.') 

Uof., J. Ain. ('lieiii. StK'.. 30, 137 (laosj 


/ 
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As 

I 

LiA 1-1081 

Lithium carbide burns in arsenic vapor at red heat, yielding lithium 
arsenide. 

SLizCz -f 2As ^ 2[Li3As] + [6C] 

H. Moissan, Compt. rend., 122, 362 (1896) q 


As 


1-1082 

A manganese ai-senide is formed when a mixture of manganese and ar- 
senic is heated. 


As + 2Mn ^ Mn^As 

Wedekind and Veit, Ber., 44, 2663 (1911) 

Ref., Kane, Pogg, .\nn., 19, 145 25 


As 

Mn 1.1083 

Grayish-black powdered manganese ai-senide is formed when a mixture 
of manganese and arsenic is heated in a closed tube at 750° for ten hours. 

As -f Mn — > MnAs 

Hilpert and Dieckmann: Ber., 44, 2378 (1911) 26 


As 

Mo 1-1084 

W 

By heating a mixture of arsenic (3.72 g) and molybdenum (2 g) in a 
sealed tube for 36 houi*s at 570° a black colored powder, molybdenum 
diarsenide, is formed. The same type reaction occurs with tungsten. 

(a) 2As + Mo ^ MoAs 2 

(b) 2As + AV -> WAs 2 

]•:. Heinerth and W. Biltz, Z. anorg. Chem., 198, 168 (1931) 28 
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As 

1-1086 

A series of nickel arsenides may be obtained by saturating nickel ^yith 
areemc in a current of hydrogen. Each one, treated mth arsenic 
chloride, yields NiAs and Ni3As2, and like\\ise these two arsenides are 
i-espectively formed when the nickel aisenides are heated to 400-800° 
and 800-1400°, the former changing into the latter also at tempera- 
tures above 100 , (a, b). Finally, heated in the presence of arsenic and 
hydrogen above 400 , these compounds may form a liigher ai'senide, (c). 

(a) Ni + As -> NiAs 

(b) SNiAs Ni3As2 + As 

(c) Ni3As2 + NiAs + 5As — > 4NiAs2 

E. Vigouroux, Compt. rend., 147, 427-8 (1908) 33 



O2 1.1086 

Arsenic burned in either dry or wet oxygen forms ai-senic trioxide. 

4As 4“ 3O2 — * 2AS2O3 

H. Brereton Baker, Trans. Roy. Soc. (London) 179A, 571-91 (1889) 105 


As 

O2 1-1087 

At a temperature somewhat over 200° arsenic exhibits jihosiihorescence, 
like that of phosphorus and sulfur, due to oxidation. 

4As “h 3O2 — ^ 2AS2O3 

Joubert, Compt. llcnd., 78, 1853 (1874) 29 


As 


0 


1-1088 


When arsenic i.s heated in aii' it is lai-gely oxidized to Asat^a- Water 
vapor which is always present in tlie air may aid in the oxidation. 

(a) 4As -f 30. ^ 2AS2O3 

(b) 2As -\- 3HjO — ^ AS2O3 + 3II2 
11. M. Elsey, Science, 66, 300 (1027) 


U 
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As 

Arsenic is oxidized to arsenic acid anhydride by ozone. 

6 As + 5O3 3AS2O6 

C. F. Sclionbcin, Ann., 89. 288 (1854) 

Ref., Y. Yaniauohi: Am. Chem. J., 49. 58 (1913) 


1-1089 


25 


PCI3 


As 


1-1090 


Ai-senic tnchloiide and phosphorus are formed when a mixture of phos- 
phorus trichloride and arsenic is heated to 200° for 12 hours in an at- 
mosphere of carbon dioxide. 

4As + 4PCI3 ^ 4AsCl3 + 4P 

KrafTt and Neumann: Ber., 34. 565 (1901) 


25 


As 


PCI 


1-1091 


Arsenic in powder form decomposes phosphorus pentachloridc very 
easily. The mixture is slightly heated. The reaction is in.stantaneous 
and exothermic. The resulting li(]uid is composed of phosphorus 
trichloride and arsenic trichloride. 

3PCU -I- 2As 3PCI3 + 2AsCl3 

E. Baudrimont, Ann. d. Chiin. Phys., (4), 2, 11 (1864) 


70 


As 


P2O3 


1-1092 


Arsenic trioxide and phosphorus are fonned when phosphorus tnoxidc 
is heated with an excess of ai-senic to 290° for six hours. 

4As -f 2P2O3 2AS2O3 + 4P 

Kraft't and Neumann: Ber., 34. 505 (1901) 


25 


X 


Vs 


P 2 S 3 14093 

Arsenic trisulfide and pho.s|)hoi'Us are formed when a mixture of phos- 
phorus f risulfido and arsenic is heated to 240° in a molting tube. 

4 As T 2P2S3 2A.S0S3 -f- 41* 

Krafl’t and Nmimaiiii: Her., 34, 565 (190lj 25 
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As 


Pb 


Load ai-i'eindc is formed when a mixture of lead filings and 
subjected to pressure. 

2As + 3Pb ^ Pb8As2 

W. Spring, Ber,, 16. 324 (1883) 


M094 


arscruc is 


35 


As 


Pt 


M096 


1 lutinum arsenide is formed when an excess of arsenic and platinum are 
heated in a scaled tube. 

2As + Pt ^ PtAs. 

b. Wohler, Z. anorg. Chem., 186, 324 (1930) 


28 



M096 


When an excess of sulfur is melted with arsenic a pei*sulfide is formed, 
which on distillation yields first arsenic pentasulfidc, which in turn de- 
composes to arsenic trisulfide and sulfur on further heating. 

(a) As -h 58 AsSfi 


(b) 


2AsSi AS2S5 -h 5S 


(c) AssSs -> AS2S3 4- 28 

A. Gelis, 

Ref., Ilenningcr, Her., 6, 677 (1873) 11 




1-1097 


When sulfur and an (*xcess of arsenic an' merited tog<‘ther the mono 
sulfide is formed. 

It is a coral red compound which (lifters from n'algur. 

As + 8 — » As8 


R. Gelis, 

Rof., A. Henniager, Her., 6, 677 (1873) 11 
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As 

S 2 CI 2 1-1098 

When powdered arsenic is added in small amounts to sulfur mono- 
chloride a yellow liquid results, which, on distillation at 130 °, yields 
arsenic trichloride. 

2 As 3S2CI2 ■ — ^ 2ASCI3 -j- 6 S 

Chevrier, Compt. Rend., 63, 1004 (1866) 2g 

As 

S 2 CI 2 1-1099 

Ai-senic trichloride is obtained when powdered arsenic is heated mth 
sulfur monochloride. 

6 As + 3S2CI2 -> 2ASCI3 + 2AS2S3 

Wohler, Ann., 73, 375 (1850) j 

As 

SOCI2 MlOO 

Arsenic trichloride is obtained when arsenic and thionyl chloride are 
heated together in a sealed tube at 150 °. 

2 As + 4SOCI2 2ASCI3 + S2CI2 + 2SO2 

North and Hageman: J. Am. Chem. Soc., 34, 894 (1912) / 

As 

SO2CI2 I.llOl 

Arsenic trichloride is obtained when arsenic is heated in a mixed atmos- 
phere of sulfuryl chloride and carbon dioxide at a temperature of 170 °, 

2 As + 3SO2CI2 ^ 2 AsCl 3 + 3SO2 

P. Kochlin and K. Heumann, Ber., 16, 1736 (1882) £5 

Ref., H. Dannccl and F. Schlottmann, Z. anorg. Chem., 212, 225 (1933) 

As 

SO 2 OHCI 1-1102 

Chlorosulfonic acid reacts \rith arsenic when warmed, causing a li-\'ely 
evolution of sulfur dioxide, and the formation of arsenic trichloride. 

2As + 6 SO 2 OHCI 2 AsCl 3 -i- SHoSO, + 380. 

K. Heumann and P. Kochlin, Ber., 16, 418 (1882) 25 
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By melting together ai-scnic and selenium, 
brown color is obtained. 


1-1103 

ai*senic pentaselenide of red 


2As + 5Se — > As^Sce 

A. Clever and W. Muthinann, Z. anorg. Choni., 10, 117 (1895) 


28 


Se 


(CII3)3AS 


M104 


Trimothyl arsenic solenide is formed when finely powdered selenium is 
added to an ether solution of tnmethyl arsine. 

Se + (CH 3 ) 3 ^Vs ^ (CIl 3 ) 3 AsSe 

Kenshaw and Holm, J. Am. Chem. Soc., 42, M7l (1920) 


1 


As 


Se.Cl 


1-1106 


Arsenic reacts with selenium monochloride in the cold, producing ar- 
senic trichloride and selenium. 

SbcgCb “b 2As — > 2A.sCd3 -b (iSc 

Lenher and l\ao, J. Am. Cliem. Soc., 48, 1553 (1920) 


I 




1-1106 


By submitting tin and arsenic to high pressun*, the substance shown 
below is formed: 


(3^^n “b d-Vs — * ,5n3As4) 


Spring, Her., 16, 324 (188:3) 

Ref., Quasim .V. .Maii.suri, .J. Chem. S<m-., 


123, 214 (1923) 
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As 

Sn M107 

The melting point of tin is raised by the addition of arsenic. Breaks in 
the tin-arsenic melting point curve seem to indicate the formation of the 
two compounds shown in (a) and (b) respectively: 

(a) (3Sn -h 2xVs ^ 803.^82) 

(b) (Sn -|- As ^ SnAs) 

Parravano and de Cesaris, Rend. R. Acc. Lincci, 20, 593 (1911-5) 

Ref., Quasim A. Mansuri, J. Chem. Soc., (London) 123, 215 (1923) 48 


As 

Te 1-1108 

Arsenic and tellunum were mixed in the proportions 8:3 and the mix- 
ture heated in a sealed tube until the tellurium is ^'aponzed. Upon cool- 
ing it was found that the compound octarsenotelluride was foimed. 

8As + 3Tc .AssTes 

Szarvasy and Messinger. J. Chem. Soc. (London) 76, 598 (1899) 03 

As 

Te M109 

The following tellundes have been prepared by tlirect union of the 
elements, 

(a) As -f Te ^ AsTe 

(b) 2As + 3Te As2Te3 

(c) 8As + 3Te — > AsgTcs 

Oppcnhoim, J. Prakt. Chem., 71, 278 (1857) 

Hef., Szarvassi and Me.ssinger, Bor., 30, 1343 (1897) 

Hef., C. \. Tibbals, .Jr., J. -\m. Clicm. Soc., 31, 910 (19(X)) 7 




MHO 


Molten tellurium dissolves readily in arsenic. The mixture forms ar- 
senic tritelluride with a melting point of 362°. 

2.\s + 3Te AsiTes 

H. Pciaboit, Coniiit. reiuL, 146, 1398 (1908) 38 
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Zn 


As 

Mill 

Zme ai-senide is formed when a mixture of zinc filings and powdered 
ai-semc is subjected to a pressure of C500 atmospheres. 

2As + 3Zn ^ Zn 3 As 2 

W. Spring, Ber., 16, 324 (1883) 


As 

^ M112 

Under ordinary circumstances, arsenic passes from tlie solid to the 
gaseous state at about 450°. 

(As (solid) — > As (gaseous)) 

Quasini A. Mansuri, J. Chom. Soc. (London), 123, 215 (1923) 

As 

1-1113 

When metallic arsenic is sublimed, amorjihous ai-senic is deposited in 
three distinct forms, in the following order; first, a mirror-like deposit, 
then dark brown specks, and finally a gra}- crust. 

(As (metallic) — + As (amorphous)) 

Porphyry N. Laschtsclicnko, J. Cliem. 8oc. (London), 121, 972 (1922) 48 

As 

Light 1,1114 

Yellow aisenic is unstable in ))oth violet and red light, and is slowly 
converted to metallic arsenic. 

.\-s(yellow) -|- light — > As(metallic) 

11. Krdinann and It. Ueppert, .\nn., 361, 1 (1908) 2S 


Ag 


AsHr3 

M116 

A mixture of carefully purified nietallic .silver and arsenic tribromide 
was heated in a .sealed tube*. \n analysis of tlie resulting product 
showed that it was silver broinoar.senltc. 

AgBi'a + 3Ag — > AgsAsBra 

S. Ililpcrt and F. llennann, Ber., 46, 2218 (1913) 


^5 
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AsBfa 

Ag 1-1116 

A peculiar type of compound is formed when molecular silver is shaken 
^^^th arsenic tribromide. 

AsBfs + 3Ag AgaAsBrs 

Hilpert and Herrmann: Ber., 46, 2218 (1913) 

Ref., J. L. Howe, J. Am, Chem. Soc., 36, 241 (1914) 1 


AsBra 

CHaMgl M117 

Trimethyl arsine is obtained when arsenic tribromide reacts \vith 
methyl magnesium iodide. 

AsBn + 3 CHjMgl ^ (CH 3 ) 3 As + (SMglBr) 

Renshaw and Holm, J. Am. Chem. Soc., 42, 1469 (1920) 1 


AsBfs 

C 2 H 50 Na 1-1118 

When sodium ethylate reacts ^rith arsenic tribromide (excess), tri- 
ethoxv arsine is formed. 

AsBra + SCjHsONa ^ As(OC 2 H 6)3 + 3NaBr 

Crafts, 

Ref., Ch. Friedel, Ber., 3, 621 (1870) 11 


AsBra 

CsBr 1-1119 

A hot solution of cesium bromide in hydrobromic acid wiW react \rith 
ai'senic tribromide >'iclding j'ellow crystals. 

3CsBr + 2AsBr3 (CsBiQa- (AsBr3)2 

H. L. Wheeler, Z. anorg. Chem., 4, 451 (1893) 


AsBrs 

Cu M120 

An addition product is obtained wlien finely divided copper is heated 
in a melting tube with a large excess of melted arsenic tribromide on 
the water bath and then shaken. 

2AsBr3 -f VCu ^ CuTAssBre 

Hilpert and Herrmann: Ber., 46, 2218 (1913) 
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AsBrs 



1-1121 


Ai-senamide is formed along with ammonium bromide when ammonia 
reacts w'lth arsenic tribromide at 30 to 40°C. 


AsBi'a + 6NH3 ,\s(NH 2)3 + SNHiBr 

Hugot, Compt. reiul.. 139, W (1904) 

Ref., J. Chem. Soc. (Loiulon), 86. 559 (1904) 


AsBra 


NH3 


1-1122 


A straw* yellow substance, arsenic tribromide triammoniate, is ob- 
tained if one allows arsenic tribromide to volatilize in an atmosphere 
of ammonia, and then allows the product to stand over sulfuric acid. 


AsBi’a + 3 NH 3 *\sBr3-3NH3 

Besson, Compt. rend., 110, 1258 
Ref., Reissert, Ber.. 23, 549 (1S90) 


AsBra 

NH4F 1.1123 

Ammonium fluoride reacts with arsenic tribromide to form arsenic 
trifluoridc. 

+ SNIbF ^ AsFa + (3NH4Br) 

Mclvor, Ber., 8, 1466 (1875) 

Ref., R. GerstI, Her., 8, 1466 (1875) 26 


AsBfs 


RbBr 1-1124 

Yellow crvstals are obtained when a liot solution of rubidium bromide 

% 

reacts w'ith ar.senic triliromide. 

3HbBr + 2.\sBr3 (lUiBr^^sBra). 


H. L. Wheeler, Z. anerg. CluMn., 4, 451 (1803) 


28 
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AsBfs 


RbBr 


M125 


Rubidium ai'SPiiic bromide is formed when crystals of arsenic tribro- 
mide are dropped into a strong hot solution of rubidium bromide in 
40% hydrobromic acid. 


2.AsBr3 + 3RbBr Rb3As2Br9 

Wheeler, Z. anorg. Chem., 4, 451 (1893) 


As(C2H5)3 


2 1-1126 

If, to a concentrated aqueous solution of platinum dichloridc (to which 
an equal volume of alcohol has been added) one adds drop by drop some 
tnethylarsine, with vigorous stining after each addition, a reaction 
takes place which imparts a light yellow color to the solution. Upon 
cooling, sulfui\vellow crystals arc deposited which can be separated 
by ether into two distinct compounds, one dissolving easily, the other 
being completely insoluble, but dissolves in l)oiling alcoliol. Analysis 
shows these two substances to l)c isomers. 


PtCl. + As(C 2H5)3 ^ As(C2H5)3-PtCl2 


A. Cahours and H. Gal, Coinpt, Kcnd., 71, 210 (1870) 



As(C3H7)4l*Asl3 

KOH M127 

Cold potassium hydroxide decompo.ses the double compound of tetra- 
propyl arsonium iodide-arsenic tniodide to form tetrapropyl arsonium 
iodide and potassium arsenite, (a). 

Hot potassium hydroxide in excess decomposes the double compound 
to form the propjd arsine, (b). 

(a) As(C3H7)J-Asl3 -f OKOH As(C3H7)J + 

(IvsAsOs “f- . 3 KI -f- 3H2O) 

(b) As(C3H7)4LAsl3 -t- 7K()H MCzlh), + 

(K3ASO3 + 4KI + 311.0 -h C3H7OH) 

\. Cahours, 

Uef,, A. Henninger, Bor., 6, 568 (1873) H 
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H,0 


-\s(CNS), 

Arsenic tliiocyanate decomposes when exposed to steam into thiocyan 
acid and ai-semoiis acid. 

As(CNS)3 + 3 H 2 O 3HCNS + HjAsOc 

P. Miquol: Ann. Chim. Phys., 11, 351 (1S77) 


M128 


■25 


\s(CNS) 


1-1129 


Carbon disulfide was formed when arsenic thiocyanate was lieated. 

As(CNS)3 CS. + ? 

P. Miquel, Ann. chim. pliys., 11, 351 (IS77) ok 


AsCU 

1-1130 

A double compound is obtained Avlien metallic silver is heated in a 
melting tube with a large excess of melted ai-senic trichlonde on a 
water bath. 

AsCls + 3Ag -> AgaAsCU 

Hilpert and Hcrrinann: Her., 46. 2218 (1913) 05 


A1 


AsCU 

M131 

Aluminum triarsenic trichloride is obtained when arsenic trichloride is 
heated with aluminum in the presence of aluminum chloiide for 40 min- 
utes at a temperature of 130-150®. 

3 A.SCI 3 + 3A1 ^ .UA.S 3 CI 3 + 2AlC'l3 

Huff and ►Stail), Z. anorg. Chem., 117, 101 (1021) 2H 


AsC’b 

ASH 3 M132 

Arsenic trichloiide decomposes ansim* to arsenic and hydrogen chloride. 

AsCb + Asib ^ 2As + 3HC1 

Jac. V. Janowsky, Bcr., 6, 219 (1873) 

Uef., J. Tarible, Coinpt. rend., 132, 207 (1901) n 

Ref., Stock, Bcr., 34, 0-19 (1001) 25 


A.<Cl3 
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1-1133 

Boron tribromide undergoes double decomposition with arsenic tri- 
chloride. 

BBr 3 + AsCla ^ BCI 3 + AsBr 3 

J. Tarible, Compt. rend., 116, 1521 (1893) 25 


AsCI 


C2H2 


1-1134 

If arsenic trichloride reacts \rith acetylene in the presence of aluminum 
chloride, the addition compound, whose formula is shown below, is 
formed. 

AsCL -f~ C 2 H 2 — ► AsCls *02^12 

Dafert, Monatsh., 40, 313 (1919) 

Ref., Stanley J. Green and Thomas S. Price, J. Chom. Soc., (London), 119, 

448 (1921) . ,5 


AsCl 


C2H2 


1-1135 


A current of acetylene is bubbled through a cooled solution of ai*senic 
trichloride and aluminum chloride. The product is a dark colored 
viscid mass, which is decomposed immediately upon addition of ice- 
cold hydrochloric acid. An oil separates out, containing unchanged 
arsenic trichloride and several chloro-vinyl-chloroarsines: (a) )9-chIoro- 
\'inyl-dichloroai-sine, (b) /S^S'-dichloro-dirinyl-chloroarsine, (c) 
trichloro-trivinyl-arsine. 


(a) 

(CHiCH + MCh- 

> CIiaiCIL/VsQz) 

(b) 

(2CH:CH H- AsQs- 

^ (CHa:CH)2Asa) 

(c) 

(3CH:CH -f- Asa3- 

(CHa:CH)3As) 


Stanley J. Green and Tliomas S. Price, J. Chem. Soc. (London), 119 , 448, 449 
(1921) 




Asa 


(C3H6)3As 

jMonophenyl arsenic dichloride is formed when triphenyl arsine is 
heated with an excess of arsenic trichloride at 250°. 

(C 6 H 6 ) 3 *\s + 2ASCI3 ^ 3C6H5.ASCI2 
Michaelis and A. Reese, Ber., 16, 2876 (1882) 


M136 


25 





28<J 


As Cl 


(C6H5)3Bi 

1-1137 

If an ethcioal solution of aispni,; tiichlorltle is slowly acldcil to t.i- 
phonj bisniuthino in tlu> samp solvpnt, poloi-lpss piystals of diplipnvl- 
<•hlo.obismuth.np a.-P clppositcd. A palP vpIIow oil containing pl.pnvl- 
ilnhloioai-sinc and diphpnylchloioaisinp is also obtained. 

( 3 (CcH,) 3 Bi + 2 AsCl 3 3(C'a^BiC'l + (CJB) ■ As- Cl. -f 


(C 6TT3)2 As(' 1) 

1'. Challenger ainl L. Kidguay, J. Ciicin. Sue. (Ltnidon), 121, 114 (1922) 


4S 


M138 


AsCU 

CeH^Br 
Na 

If an otlunval solution of arsenic trichloride and hrornohenzene is 
treated with sodium, triphenylarsine is obtained. 

C hloiolienzeiu' can iu' usimI insb-ad ol bromobenzene, and a little etlivl 
acetate stimulates the reaction. 

(.VsCla -1- SiWljW + (iXa (C 6 ll 5 ) 3 As + 3XaCI + 3NaBr) 

Mielmolis anil Uee.se, Her., 16, 2.S7h (|SS2) 

Uof.. Philips, Her., 19, WM (IsS(i) 

Itof . Mieliaelis. .\nn.. 321, 1(»() (l‘)()2i 

Uef.. W. .1. I’ope and i;, I 'rnnier. .1 . ( ’liem. Soe. ( bomhm). 117, 1 147-1 14N (1920i .'^S 


As('l: 


3 


CH3COSH 


1-1139 


II thioacetic acid is poured on arsenic t richloi ide, a drop at a time, and 
at the same time tin* tempera! ui'c* is kept low, aisenic chloride thio- 
acetat(‘ and In'diocbloric acid ai<‘ formed. 

2 (’n,('nsil + (ClIA’OSbA.sCl -f 211(1 

X. Tarugi, (.la//. Chini. Ital. 27-'. l.‘>l (lsa7i 


'I 


\^v\, 

(C2H5)2Hg 1-1140 

Ktliyl dichl()roai>in(‘ can be obtaincfl by the action of ansiaiic trichlo- 
ride on mercurv dietlivl. 

% « 

As(1, -f ((■dh)dl.ii ' A.vC.dbd,. + IlgColUd 
La Coste, Ann., 208, (isslj 

Ucf., .\lex. .McKen/ic an<l .lohii l\ . .I, ('hem. See. fL<iml(in , 117, 

(1020) .’.H 
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AsCls 

CHaMgl 1-1141 

Trimethyl arsine is formed when arsenic trichloride is added to methyl 
magnesium iodide immei-sed in an ice bath. 

AsCL + SCHaMgl ^ (CH 3 ) 3 As + (3MgICI) 

Renshaw and Holm, .J. Am. Cliem. Soc., 42, 1469 (1920) / 


AsCIs 

C 4 H 8 O 2 M142 

1.4 gm. dioxane is treated ^^'ith 2.33 gm. arsenic trichloride, with cool- 
ing, preferably in absolute ether solution. A white crystalline complex 
precipitates. It is an oxonium compound. 

C 4 H 8 O 2 + AsCls — > C 4 H 802 *AsCl 3 

M. S. Malinovsky, J. Gen. Chom. (USSR), 10, 1202 (1940) 60 


AsCU 

CzH^ONa 1-1143 

A solution of 30 grams of sodium in GOO cc. of ethyl alcohol is added 
slowly to 118 grams of arsenic trichloride; the addition lasts two and 
one half hours, and after the solution has stood for 24 hours, the so- 
dium chloride is removed by boiling for one hour; the product obtained 
is diethoxy-chloroarsine. 

2C2H60Na + AsCL ^ (C 2 H 50 ) 2 AsCl -f 2NaCl 

Alex. McKenzie and John K. Wood. J. (’hem. Soe. (London), 117, 407 (1920) 48 


AsC\, 

(C6H5)4Pb M144 

Arsenic tricliloride and lead tctraphcnyl are heated in toluene for one 
hour under reflux. Alter standing for 12 hours, the mixture is warmed 
and filtered. The residue is found to consist of lead diphenylchloride; 
the filtrate gives oily diphenylarsine cliloride, (a). The latter upon 
chlorination, yields ciystals of diphenyl arsenic trichloride, (b). 

(a) (C6H6)4Pb + AsCL ^ (C6H5)2PbCl2 + (C6 Hb)2AsC1 

(b) ((C 6 Hb) 2 AsC 1 + CI 2 (C6H5)2AsCl3) 

A. E. Goddard, J. X. Ashloy and Richard B. Evans. J. Chem. Soc. (London), 121, 
909.080 (1022') JS 
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(C6H6)3Sb 

„ . . 1-1146 

^■•■P'»="y>stibinc and the mixturo 
heatcd to 80 for tlirce and one ludf hours, triphenyl antimony dichlo- 

iide IS foimed. Traces of inorganic reduction products are found, and 

1 the reagents arc used in large amounts, metallic arsenic can be iso- 
lated. 

(3(C6Hs)3Sb -f 2AsCl3-^ 3(CcH5)3SbCl2 -|- 2 As) 

Frederick Challenger and Freda Pritchard. J. Chem. Soc. (London), 126, 871 


48 


AsCIa 

Cap's 

H2S04 

A mixture of arsenic trichloride, calcium fluoride and sulfuric 
is distilled. Arsenic trifluoride is ol^tained. 


1-1146 


acid 


SCaFo + 3112804*+ 2AsCl3 -> 2ASF3 + (3Ca8()4 + (ilK’l) 

II. Mclvor, Ber.. 8, 1466 (1875) 

Ref., R. Gcrstl. Ber., 8, 1466 (1875) 


AsCIa 

CI 2 1.1147 

Arsenic pentachloride was obtained b}' treating arsenic ti’ichloride with 
chlorine at a very low temperature. 

AsC’b + CI2 AsCh 

Baskerville and Bennett, J. Ain. Chem. Soe., 24, 1070 (15)02) / 


AsCI 


Cl 


1-1148 


A rapid means of .'<e])ani(iiig hydrochloric acid from arsenic trichloride 
is effected by adding an (‘xce.<.< of clilorin(‘ which oxidizes the aisenie 
trichloride to arsenic acid. 

AsCla + ('Id + llbO n3As()4 + 5 H('l 

A. Ilouzcau, CoinjO. Rend., 69, 1027 (1864) 


2fJ 



292 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


AsCL 


1-1149 

Tncobalt diarsenido is formed when a mixture of arsenic tnchloride 
and metallic cobalt is heated at 800'’-1400°. At a higher temperature 
CoAss is formed. 

2.\sCl5 “h 6Co — > C 03 AS 2 “h 3 C 0 CI 2 


Ducelliez, Compt. rend., 147, 424 (190S) 

Kef., J, Chem. Soc. (London), 94, S53 (1908) gg 



Co 1-1160 

When arsenic tnchlonde is reacted with cobalt, the metal is trans- 
formed into chloride and an ai’scnide, the composition of which de- 
pends upon the temperature' of the reaction, as shown below. The 
same arsenides are formed at the same teinpe'ratures when arsenic 
va])()r.s loact with powdomi cobalt. 

(a) 800-1 -100° :3Co + 2.\.<i3 ^ Co.i.V's, -f (.SCh) 

(b) 000-800°: 5t'() -f 2.V.<.i3 2CoA.‘; + (.3CoCb) 

(c) 400-000°: 1.3C() + OAsit'h 2Co3A.-<3 + (OCoCb) 

(d) below 400°:2 Co2.Vs 3 -> SCo.Vs., -f (Co) 

F. Ducelliez, Compt. rend., 147, -124 (lOOSt 38 


VsCl 


Cu 


M161 


An addition product is formed \\hen finely powdered copj^er is heated 
in a melting tube with a large excess of melted arsenic trichloride on a 
water bath. 

2AsCl3 + 7Cu ^ CutAsoCL 

llilport and Hcrnnann: Kcr., 46, 2218 (1913) 


25 


H.O 



Water hydrolyzes arsenic trichloride to form arsenic trio.xide. 


2 AsC'l 3 + 3 H 2 O AS 2 O 3 + (6HC1) 

John Davy, Trans. Uoy. Soc. (London), 102, 186 (1812) 


M162 
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AsCU 

US 

, 1-1163 

•iAsCls + 5 H 2 S AS 4 S 5 CI 2 + (lOIICI) 


L. Ouvrard, Compt. reml., 116, 1516 
Hof., n. Ilosaous, Boi-.. 26, (i72 (1S1I3) 


;?.5 


A.<’1 


HsS 


M164 


Ai^enic tnsulfide is sloivly pivi-ipitalnl wl.on liydiogon sulfiilo gas is 
lod into a SO hitioii ol aisoiiic f liHiloiid,. in dry |„.n2,.n<.. Tlic roaction 

IS more rapid in petroleum etli,.,-. Wh,..! .stannie eliloride is snhstitiited 

loi aisomt* cliloridc', tin sulfi(I<- is pi-ccipitatod over night. 


(a) 

(b) 


2As(’l3 + 3II.jS — . As,.S.i + (ilK'l 
Sn('l, + 2IIjS SnS. -}- IIICI 


h. KahleabcMg, .1. Phy.'S. (’luau., 6. 1 (1002) 


Asd, 


US 


M166 


Arsenic- trichloride gives arsenic tnsuifide whe-n mixed wifli licpiid liy- 
drogen suHide at all tempei'atures. 

2As('l., + 311, S ^ As,Sj + (hlK’lj 

HaLston and Wilkinson. ,J. .\ni, ('licni. Soc,, 60, 2l)l (lOjXi 


1 


As('I, 


HoS 


1-1166 


Hydrogen sulfide ad<led to a uaiin >olulion ol arsi-nious oxide in dilute 
hydrochloric acid in insufhcicnl amount to cause comphde preci])ifa- 
tion forms practicallv pure arsenic 1 risulfide. 

2AsCI,( i 3I1,S • As,S, f filK’l 

h. F. XiLson, K. Sv. \'ft. .Mviicl, Ibin'll., 10. Jo (1S71) 


W 
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AsCl 3 

USe 1-1167 

A dark reddish brown precipitate of ai’senious selenide is fonned when 
arsenic tiichloride is dropped into a pure saturated solution of hydro- 
gen selenide. 

2 (AsCl 3 ) + 3 H 2 Se ^ AsSez + ( 6 HCI) 

Moser and Atynski, Monatsh., 45, 235 (1925) 

Ref., J. Chem. Soc. (London), 128, 584 (1925) 25 


AsCb 

Hg(N03).> M168 

A white precipitate of mercurous pyroarsenate which darkens to pur- 
plish red is formed when arsenic trichloride and mercuric nitrate are 
brought together. 

2AsCl3 + 4Hg(N03)2 + 7 HOH Hg4As2()7 -f (8HNO3 + 6 HC 1 ) 

Simon, Pogg. Ann., 41, 424 

Ref., Konrad Haack, Ann., 262, 182 (1891) 25 


AsCU 

KCl 1-1169 

Na2S-203 

A solution of arsenic trichloride will react with potassium chloride and 
sodium thiosulfate yielding potassium-arsenic thiosulfate. By adding 
alcohol it is obtained in the form of a white precipitate. 

AsCla H- 3 KCI + SNa^SoOg 1^5(8203)3 + GNaCl 

J. V. SzilAgyi, Z. anorg. Chem., 113, 75 (1920) ^8 


AsCb 

K103 MI60 

Arsenic acid is formed when ai'senic trichloride solution is titrated with 
potassium iodate. 

2 AsCl 3 + KIO3 -h 5H2O 2H3ASO4 + KCl + ICl + 4 HCI 

L. W. Andrews, J. .\m. Chem. Soc., 26, 759 (1903) ^ 



arsenic 

AsCls 
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KMn04 


Solutions of arsenic trichloride may be titrated u-ifh ^ f • 
manganate in acid solution. The action oMh ^ Potassium per- 
in the formation of arsenic oxyehlmSe Pe™anganate results 

( 2 KMn 04 + lOHCl + S.-VsCh ^ 2I\InClo + 2KCI + 

SAsOCIj + 201; + 5 HjO) 

- - . . (I.oiulon), 116, 136 (191U) 


1-1161 


■is 


AsCl 


Mg 

CjHTBr 


M162 


Ai-semc tncliloridc in dry benzene is gradually added to the Grignard 
reagent prepared from a mi.xturc of m-bromotoluene and magnesium • 
tie whole mixture is then heated for two hours under reflux After 

reinoi-al of the by-products of steam-distillation and crystallization 
irom alcohol, tri-m-tolylarsine is obtained. 

(AsCb + SCjHy^MgBr ^ (C 7 H 7 ) 3 As + 3MgBrCl) 

I'^redenck Challonjtor aiul Kroda Pritrhani. J. Chcin. Sor., (Lotitlon), 126, Ktii) 


4S 


A-sCb 

1-1163 

A mixture of chlorai'senimide and ammonium chlonde is formed when 
arsenic trichloride is heated in dry ammonia gjis. 

2 AsCl 3 + GNII 3 ^ 2ClAsNII + 4 NH 4 CI + 

Pasteur, J. Pharm. Chim., 13, 305 

Kef., Ann. 68, 307 (1848) 25 



A pale yellow 
cliloride in an 
sulfuric acid. 



1-1164 

powder is j)r(“j)ared when one volatilizes arsenic tri- 
atmosphen' of ammonia and allows it to stand over 


AsCb + 3XII3 ^ AsCla-SNIIg 

Pesson, C’oiniit. reiul., 110, 125S 
Kef., A. liei.ssert. Her, 23. 510 ilsoU) 
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NH3 


AsCla 


1-1165 


^Yhcn arsenic trichloride is exhausted with liquid ammonia at low tem- 
peratures, ammonium chloride and arsenic amide are formed (a). The 
latter decomposes at higher temperatures to give the imide (b), then 
the nitride (c). 


(a) AsCU + GNH3 ^ As(NH 2)3 + 3NH4CI 

(b) 2 As(NH2)3 ^ 2As(NH)3 + (SH^) 

(c) 2 As(NH )3 2AsN + ( 3H2) 

Hugo, Compt. rend., 139 , 54 (1904) 

Ref.: Besson and Ilossct, Compt. rend., 146, 1266 (1908) 



AsCL 

NH3 1-1166 

Dry ammonia gu.'^ reacl.'^ with arsenic trichloride at —20° to give a 
light yellow comp(»imd corresjxmding to the comi)osition of thetetram- 
moniate, (a). S\iI)limation of tlu* product in vacuo at 200° gives a 
yellowish horny jnoduct corresponding to tlu* formula shown in (b). 

fa) AsC’b + dXH3 AsCl:r-lXfr3 

(1>) AsC'b AXH3 + 3XH3 AsCT-TXTL 

Besson and Uosset, Comi)t. rend., 146, 1266 (190S) 38 


AsCb 


NH 


1-1167 


A grayish-white amorphous pttwder, arsenamide, is formed by the action 
of ammonia on arsenic trichloride at —30 to —40°. 

AsC 1.3 + OXIL AsfXIDs + 3XH4CI 

llugot, C’onipt. rend., 139, 54 (liHM) 

Ref.. .1. Clieni. Soc. (London). 86, 559 (1904) 

Ref.. L. C. Kranklin. .1. .\m. (’hem. Soc.. 27, S26 {1!)(J5) 


/ 


-VsCl:, 

NaOC.H^ M168 

If a solution of 15 grams of sodium in 300 cc. of ethyl alcohol is gradu- 
ally added, within an interval of two and a half hours, to 118 grams of 
ai'senic trichloride cthoxvdichloroarsine is formed. The sodium 
chlonde .separates after boiling the product for one hour. 

(’.H'DXa + AsCf. XaCl -h CLtLO-AsC’l. 

.\iex. Mcl\cn/ic Mnd .Inlm K. Wood, .1. C’Ikmu. Soc. ( Loin I on L 117, 106 (1920) 4 ^ 
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As('l 


Ni 


Arsenic tnohloiide vapoi-s coiiducted over reduced nickel form (he 

metal chloride and an arsenide, which depends upon the reaction (cm- 
poraturo, as shown: 


M169 


(a) 

(b) 


2AsCl3 4- 5\i 
2AsC^l3 + (>Xi 


2XiAs -h SXiC'l. 400-800° 

XigAso + .3X101-2 800-1400° 


Granj^or aiul Didior, Hull, sor, cliiin., (:ij, 23, .500 (l!K»0i 
Ref., K. Vigouroux, Comp(. reiuL. 147, 420 (1!)0S) 

Ref., K. Horton, C'lieni. Sor. (Romlmi'l, 94, S.55 (I'JOS; 


38 

25 


p 

Aids 


VsCl 


M170 


Arsenic trichloritle i.s reduced to aluiniiiuni ti-iarsenie ti'ieliloi-ide hy 
yellow pliosphorus in the presence of aluininuin chloride when h('.ateil 
in a paraffin hath at 120 to 1.30°. 


SAsC’h + 3R + AlC'l3-'> Al.Vs^Cla + (3I>(’IA 


RutT and 8taib. Z. anoig. (‘hfin.. 117, 101 (1021) 
Ref., J. C'hem. Soc. (London), 120, oOS {l!)21) 




Pb(CNS)2 


M171 


Ai’senic tliiocvanate is formed when a niixlinc of arsenic 

and I(‘ad thioevanate is heated sloulv on a sand hath. 

• ♦ 


trichloride 


2Asrh + 3Ph((’XS), 2.\s(('XS)3 + (3Pl)(’l,) 

R. Micjucl, .Vnn. ('Inin, I'hvs, 11. (ls77) 



As(’l 


RbCl 

HCl 


1-1172 


Ars(“nic tricldoride dissoUed in concent lated hydrochloiic acid react-: 
witli ruhidiiun chloride to \i(4d a yellow crystalliiu' douhic conipouii«l. 

3H1>('I ^-2.\,-(li • (Iti.CDrf.VsCU).’ 

II. L. Wlicelcr, Z. anotti (’In in . 4, l.'tl il-yi;); 


'8 
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AsCL 

1-1173 

Antimony trichloride is formed when a mixture of metallic antimony 
and arsenic trichloride react at 200®. 

AsCJa + Sb ^ SbClj + As 

Krafft and Neumann, Ber., 34, 565 (1901) 05 


Asdz 

SnCL 1-1174 

If equivalent weights of arsenic trichloride and stannous chloride be 
mixed in hydrochloric acid of sufficiently high concentration, metallic 
arsenic ^rill be deposited; stannous chloride is oxidized to stannic 
chloride. The reaction is completed Arithin a few hours, but no reac- 
tion occurs when the reactants arc dry. 

2 AsCl 3 H- SSnCL ^ + SSnCL 

Hoginald G. Durrani. J. ('hoin. Sor.. (London). 116, 134 (1919) A8 


AsCb 

SnCb 1-1176 

Solid arsenic hydride results when a large quantity of stannous chloride 
solution in ethyl ether acts upon arsenic trichloride in hydrochloric 
acid solution. 

-lAsCU "f* dSnCb + 4HCI — > 2 AS 2 H 2 -|- ISnCh -J- dCL 

G. Druce, Chem. List., 19, 156 (1925) 5 


AsCL 

TeO. 1-1176 

rellurium tetrachloride and ai'senic trioxide are formed when tellurium 
dioxide is allowed to mact ^rith arsenic trichloride. 

3Te02 + lAsCb ^ 3TcCU + 2 AS 2 O 3 

V. Lcnher, J. Am. Chem. Soc., 30, 740 (1908) 1 
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AsCla 


Ai*senic trichloride in h3'drochloric acid solution 
pentachloride by titanium trioxide. 


i-im 

is oxidized to the 


AsCh 4- TiOa + 2HC1 - 

P. Faber, X. anal. Chein., 46 , 279 (1907) 


AsCU -f- TiOj -h H 2 O 



AsCla 


2n(CaH7)2 


1-1178 


Ai’senic trichloride reacts \rith dipropyl zinc to form tripropyl arsine and 
zinc chloride. 


2 ASCI 3 -f- 3 Zn(C 3 H 7 ) 2 ~- 2 As(C 3 ll 7)3 + (3ZnClo) 

Cahours, 

Ref., X. Henninger, Ber.. 6, 568 (1873) 


HoS 


\sCh 


M 179 


Arsenic pontasulfide is formed when arsenic pentachloride reacts with 
hydrogen sulfide. 

(a) .VsCU + H 2 S .VsCUS -h 2IIC1 

(b) ASCI 3 S 4- SH.O -> H3-\s 03S 4- 3HC’l 

(c) 2H3ASO3S 4“ 3 Il 2 ‘^ — * .VsjSs 4“ pII-jO 

F. Neher, Z. anal. Chem. 32, 45 (1893) S5 


AsClo 

H 2 Se 1-1180 

A brownish red precipitate^ of arsenic pentaselenide is formed when 
arsenic pentachloride is dropped into a pure .saturated solution of hy- 
drogen selenide. 

2A.SCI5 4 - oH,Se AsoSes + (lOHC’I) 


Moser and .\tynski, .Monatsli., 46, 235 (1925) 

Hef., J. Chein. Soc. (London), 128, 584 (1925) >.-7 
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AsCls 

1.1181 

Arsenic pentachloride attacks lithium sulfide to form arsenic penta- 
sulfidc and lithium chloride. 

2AsCl5 + 5Li2S AS 2 S 5 + (lOLiCl) 

A. Mourlot, Anil. Chim. Phys., (7), 17, 510 (1899) 2 


AsF, 

NH 3 M182 

A fine white powder deposits when one volatilizes arsenic trifluoride in 
an atmosphere of ammonia and allows it to stand over sulfuric acid. 

2ASF3 + 5NH3 -> (AsF 3 )r 5 NPL 
Besson: Coinpt. rend. 110, 1258 

Ref., Ber. 23 , 540 (1890) gs 


AsF 


NOF 


M183 


Arsenic triHuoride will react with nitrosyl fluoride yielding a crystalline 
addition product. The nitrosyl fluoride i.s obtained by the reaction of 
nitrosyl chloride with silver fluorid(‘ at a temperature of 250-280°. 


(a) 

(»>) 


AsFs + 3NOF ^ AsFrXOF + 2X(P 
XOCl + AgF XOF + AgC'l 


0. Itufi', Z. anorjr. Chcin., 58, 325 (1908) 


28 


PBr3 



M184 


Pho.sphorus trifluoride is formed tlirougli the action of phosphorus 
tribromide upon arsenic trifluoride. 


.VsF 3 + PHra — PF3 + (AsBr3) 


Mclvur, 

Ref.. R. (iiTstl, Ber.. 8, 1400 (187.>i 
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PCU 


M186 


Ai-scmc trifluoride and phosphorus pcntachloride heated together in 
concentrated sulfuric acid give phosphonis pentafluoiide. 


5AsF3 + 3 PCI 5 



5AsCl3 + 3 PF 5 


T. E. Thorpe, Aim., 182, 201 (1876) 



AsF. 


SiHCh 


1-1186 

Ai*senic tiifluoride is treated with silieochloroform after which ele- 
mentary ai-senic separates. 

4AsF3 + SSillCla 3SiF4 + 2.\sCl3 + 3HC1 + 2As 

Huff and Albert. Ber., 38, 53 (1905) ^5 




M187 


Silicon tetrafluoride and arsenic trioxide 
ai'senic trifluoride and sand is h<‘ated. 


are olitainod when 


a mixture of 


■lAsFa + 3Si(), 3SiF4 + 2 AS 2 O 3 

H. Moissan, Compt. rcMid. 99, 874 
Ref., Ber. 17. 601 (1884) 


AsFs 

AgF + NOCl 1-1188 

A double compound of arsenic piaitafluoridc-nitros^'l fluonde is ob- 
tained when arsenic jK'ntafluoride is pas.^ed into colloidal nitrosyl 
chloride* treated witli silvi*!' liuoriih*. 'The mixture is tlu'ii warmed. 


(a) 

(10 


X(K’l + AgF — .VgCl -h NOF 
XOF f AsF, > A.sFvNOF 


Run', Z. MiHU'g. (’luMii. 68, 325 (l‘J()S) 

Uef.. (_1. Sent(‘r. .1. CIh-iii. Soc. (l/ondoii), 94, 584 (1908) 


23 
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AsFb 

PCU M189 

Phosphorus pentafluoride was prepared by the action of phosphorus 
pentachloride on arsenic pentafluoride. The phosphorus pentafluoride 
was separated by distilling at 70°. 

(PCU + AsFe ^ PFe + AsCL) 

H. Moissan, Ann. Chim. Phys., (VIII], 8, 85 (1906) tOO 


AsFfi-KF 

KF I_1190 

Thick shining crystals are obtained when arsenic pentafluoride-potas- 
sium fluoride is dissolved in an excess of potassium fluoride and hydro- 
fluoric acid. 

AsFs’KF -j- KF — > AsF6’2KF 

Marignac, Ann., 146» 251 (1868) 25 


AsFi-NOF 

SbFs M191 

Arsenic pentafluoride-nitrosyl fluoride will react with antimony penta- 
fluoride when gently heated, yielding a colorless crystalline substance, 
antimony pentafluoride-nitrosyl fluoride. 

AsFb'NOF SbFs — ^SbFs’NOF -{- AsF^ 

0. Ruff, Z. anorg. Chem., 68, 325 (1908) 28 


AsHs 

AgNOs 1-1102 

Arsine is absorbed readily by silver nitrate solution, but only slowly 
by mercury copper, lead, tin, and iron salt solutions. 

(a) AsHs -f- 6AgN03 -h SHoO — > H3ASO3 -f- GAg -f- 6HNO3 

(b) AsHs H- 3AgN03 ^ AggAs + 3HNO3. 

(c) Ag3As -b 3AgN03 + 3H2O ^ H3ASO3 + ^ + 3HNO3 

H. Reckleben ct al. Z. anal. Chem. 46, 671 (1907) 

Ref., W. P. Skertchly: J. Chem. Soc, (London), 94, 36 (1908). 
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AgNO 


Mil 


z 


4 . . , M193 

a solution of 

AsH, + GAgNO, + 3H2O 6 ^ + gHNO, + HjAsO, 

Preis, Ann. 267, 199 (1890) 

S5 


AgNO: 


Mil 


By palsying arsine gas through a water solution of silver nitrate, silver is 
deposited and arscnious acid produced (a); but if the solution of silver 
nitrate is ammoniacal, silver and arsenic acid are the products, (b). 

(a) OAgNOa -h .\sI-I3 + 3II2O -> OAg + II3ASO3 + 6HNO3 

(b) SAgNOa + .'VsHa 4- dlBO 8Ag -b H3.As()i + 8HNO3 
Jv. Preis, Alin.. 267. 17N (1S9(0 


M194 


^■5 


As If 


AgNO 


1-1196 


Silver arsenide is formed when a solution of a silver salt is dropped into 
an atmosphere of arsini’ in the absence of air. 

ASII3 + 3 AgX ()3 -> Ag3As 4- (311X03) 

HrukI, Z. anorg. CIkmii., 131, 236 (1923) 

Uof., J. Chem. Soc. (Lomlon), 126, 251 (li)24) 


2S 


M\h 

AgNOa 1-1196 

Arsine is absorbed by O.BV silver nitrate containing an excess of 15% 
ammonia. After absorption, the solution is heated on a water bath 
for four hours, during which time some ammonia is added to compen- 
sate for loss due to evaporation. (.'luha- these conditions, the following 
reaction is quantitative, Ijctween the limits of 90-101.5%,: 

2AsIl3 4- 10AgX()3 + 22X113 4- 8H..O-> 

2(NIl4)3As04 + IGAg 4 - IGXH4XO3 

J. H. Kfcpelka and J. Fanta, Coll. Czech. Chem. Comm. 9, 47 (1937; 


87 
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AsH: 


AgNOa + HoO 


1-1197 


Arsine may he absorbed quantitatively by silver nitrate, u'ater and 
dilute hydrochloric acid to give arsenic trioxide, silver and nitric acid. 

12 AgN 03 + 2 AsH 3 + 3H2O ^ AS2O3 -h + 12HNO3 

Carmelo Russo, Gazz. Chim. Ital. 34b 197 (1904) 




AsHa 

AgNOs • 1.1193 

NH 3 

In dilute amnaoniacal silver nitrate solution, arsine reacts according to 
the three equations: 

(a) AsHa + SAgNHaNOj ^ AgaAs + SNI^NOa 

(b) AgaAs + 3 AgNHaNOa + NHa + 2H2O -> 

XFT4 As 02 + (hVg + SNfLNOa 

(c) NILAsO., + 2AgNIl3NOa -f 2NII4OII 

(NH4)3As(34 + 2.^ + 2NIT4NO3. 

H. Reckleben et al, Z. anal. Cheni. 46, 671 (1907) 

Ref.: W. P. Skertchly, J. Chem. Soc. (London), 94, 36 (1908) 57 


AgoO 



M199 


Arsenic pcntoxide and silver are formed when 
of silver oxide oxidizes arsine. 


an ammoniacal .solution 


2ASH3 -|- SAgaO — > As20a -{- 


lOAg + 3 II 2 O 


Reckleben, Lockeniann and Eckardt; Z. anal. Chem. 46, 671 (1907) 



AsCla 



Arsenic trichloride reacts with arsine at — oO* forming arsenic. 

AsHa + .VsCl3-^3HCl 4- 2As 


Stock: Bor. 34, 949 (1901 ) 

Bcf., Tariblc. C’onipt. n'nd. 132, 207 (1901) 


M200 
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BBr 


Asll 


sohition of M "ith a 

solution of boron bromide in carbon disulfide. 

AsH 3 + BBi-a -> BBra-AsH^ 

Stock; Ber. 34, 949 (1901) 


Asir 


1-1201 


25 


BiCb 

Bismuth ai-sonido is foniied wlicn an acid aqueous solution of a bismutV^”^ 
salt IS dropped into an atmosphere of arsine in complete absence of air. 

AsHa + (BiCb) ^ BiAs + (3IiCl) 

Brukl, Z. anorg. Cliem., 131, 236 (1923) 

Rof., J. Chein. Soc. (boiulon), 136 , 251 (1924) 


Br 


AsII 


1-1203 

Arsine is oxidized to arsenic acid wlien allowed to react with a watc'r 
solution of bromine. 


AsIIa + 4Bro + dlloO IBAsOj + 8HBr 

H. Recklobcii and O. Lockemann: Z. anal. Clic'in. 47, 105 (1908) 


25 


AsII 


3 


(C2H302)2Pb 1-1204 

Lead arsenide is tormetl when a neutral a(iueous solution of lead acetate 
is dropped into an atmosphen' of arsiiu' in the complete absence* of aii'. 

2AsIl3 + 3((',.Il3(bLI*l) — Lb 3 Aso + ((UIC 2 II 3 O 2 ) 


Brukl, Z. anorg. Cliein., 131, 236 (1923) 

Ref., J. Chein. Hov. (l.ondoii). 126, 251 (1924) 


I 


(C2H302)2Pb 


.VsII 


1-1205 


Arsenious acid and lea<l wen- hirmed wh(‘n arsine reach'd with a solu- 
tion of lead acetati'. 

(a) 2Asll.q -f 3(C'.,Il3<bid‘b ~> I>b 3 .\s., + (illC.IbO-* 

(b) AsHs + 3I[.,.() + 3((’dl:,(),).:I*l) --> H3 .\s() 3 + 3Pb + OlK’dfaO, 

IT. Rccklchon. C. Locknimnn ;nnl A, l-j-kar«lt, Z. anal, (’liein.. 46, 671 (19(l7i 


25 
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CdClj 


AsHs 


M206 


Cadmium arsenide is formed when a weakly ammoniacal aqueous solu- 
tion of cadmium chloride is dropped into an atmosphere of arsine in the 
complete absence of air. 


2AsH 3 + (SCdCL) CdaAs + (6HCI) + (As) 

Brukl, Zeit. anorg. Chem., 131, 236 (1923) 

Ref., J. Chem. Soc. (London), 126, 251 (1924) 



AsH3 


1-1207 

Arsine is oxidized to arsenic acid when allowed to react ^\^th a water 
solution of chlorine. 


AsH 3 + 4CI2 -f 4H2O ^ H3ASO4 + 8 HCI 


H. Reckleben and G. Lockemann: Z. anal. Chem. 47, 105 (1908) 



AsHj 

CUSO 4 1-1208 

A solution of cupric sulfate decomposes ai*sine witli the formation 
of cupric arsenide. 

2 AsH 3 + 3CUSO4 CU3AS2 -I- 3H2SO4 

E. Soubeiran: Ann. chim. phys. (5) 20, 20 (1880) 25 


AsHj 

CUSO 4 1-1209 

Copper arsenide is formed when an aqueous solution of cupric sulfate 
is dropped into an atmosphere of arsine in complete absence of air. 

2ASH3 + 3CUSO4 ^ CuaAs + (3H2SO4 + As) 

Brukl, Z. anorg. Chem., 131, 236 (1923) 

Ref., J. Chem. Soc. (London), 126, 250 (1924) 1 


AsHj 

(FeCb) 1-1210 

Iron arsenide h formed when an alkaline aqueous solution of ferric 
chloride is dropped into an atmosphere of arsine in absence of air. 

2 ASH 3 + (SFeCb) ^ Fe3.\s2 (6HC1) 

Brukl, Z. anorg. Chem., 131, 236 (1923) 

Ref., J. Chem. Soc. (London), 126 , 251 (1924) 
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AsH 3 


HBrOa 

Arsenic acid is formed when bromic acid oxidizes arsine. 

5 AsH 3 + SHBrOa — > 5H3ASO4 + 4 Br 2 + 4H2O 
H. Recklcbon ami G. bockemami: Z. anal. Chom. 47. 105 (190S) 


M211 



HCIO 3 


.\sH 


3 


Areine is oxidized to arsenious acid by chloric acid. 

AsHa + HCIO3 ^ HaAsOa + HCl 

Reckleben and Lockeniann, Z. anal. Chem., 47, 105 {190S) 
Ref., Siliman, Am. J. Sci., (4), 14, 2S.5 (I9;>2) 

Ref., Z. anorg. Chem., 33, 96 (1902) 

Ref., Z. anal. Chem., 47, 105 (1908) 


M212 




AsHa 

HIO 3 1.1213 

Iodine and ai'senious acid are formed when arsine reacts with iodic 
acid. 

5 AsH.i + OniOa ^ SHaAsOa + 31 . + SH.O 

Parsons: Chem. News. 36, 470 (1877) 25 

Ref., Z. Anal. Chem. 47, 105 (1908) 


AsH 


HIO 3 

KIO 3 

HBrOa 

KBrOa 


M214 


Arsine is o.xidized to arsenic acitl l)y iodic acid. The same type reaction 
occurs with potassium iodate, bromic acid and potassium bromate. 

(a) oAsHa + 8IIIO3 oIl3As()4 + 41. + 411.0 

(b) 2ASII3 + 3 KI ()3 -> 2KITASO4 + KI + I. + II2O 

(c) 5 AsH3 + 8 IIBr 03 5 II 3 ASO 4 + 4Br. + 4 II 2 O 

(d) 2 AsH 3 + 3KBr()3 -> 2Kn,.\.s()4 + KBr + Br. + ITO 

Reckleben and Lockornann. Z. anal. CMicm. 47, 105 (1908) 
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AsHj 


^ 1-1216 

Arsenic acid and iodic acid are formed when arsine is treated with an 
excess of peiiodic acid. 

(AsHs + 4Hr04 ^ H3ASO4 + 4HIO3) 

H. RccUebon and G. Lockemann: Z. anal. Chcm., 47, 105 (1908) 1 S 5 


AsHs 

Hg(CN)> 1-1216 

Arsine was passed through a solution of mercuric eyanicle. Alercury 
^\■as thrown down and hydrocyanic acid set free. 

AsHa + 3PIg(CN)2 + SH.O ^ 31;^ + OHGN + H 3 ASO 3 

Robert Porrett, Jr., Trans. Roy. Soc. (London), 104, 545 (1814). 105 


AsHs 

HgCL 1.1217 

Arsine when passed over a strip ot paper moistened with mercuric 
chloride solution depo.sits lemon yellow specks of free arsenic. Calo- 
mel and hydrochloric acid are formed at the same time. (Qualita- 
tive test for As) 


CHgGh + 2AsIl3 2As + ailgA’h -f GHCI 

Mayeiioon and Bergcret, 

Ref.. A.. Ilenninger, Bcr. 7, 1441 (I.S74) 11 


AsII 


HgCl> 


1-1218 


Arsine reacts with mercuric chloride to form mercurous chloride, 
liydrochloric acid and ar.senic; the n'action takes place in very dilute 
concentrations of ar.sine. 

GITgC’h + 2 ASH 3 ^ 3irgA’l2 + GUGl + 2 As 

P. Curie.':. .Vnri. Anal. 21, IKi ODIG) 


76 
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Vsir 


HgCl. 

A yellow precipitate forms when ai‘.s 
solution. 


1-1219 

ai‘.sine reacts with mercuric chloride 


+ 2HgCl2 — > AsHHg^Ch + 2HC1 
2AsIi3 + SITgCl^ — ► AssIIgg + OHC'l 

Franceschi: L’Orosi 13, 2S9 (1S90) 

Ref.-, Parthcil and Amort, Bit. 31, 594 (189S) 


25 


Asllj 

HgCh ' 

^ ■ 1-1220 

Meicury arsenide is lormed wlien an a(iue()us solution of mercuric 

cliloride is dropped into an atmosphere of arsine in complete absence of 
air. 

2AsIl3 + SllgC’l- ng;tAs + ((ilK’l -f- As) 

Brukl, Z. aiiorK. Cliein., 131, 230 (1!123) 

Ref., J. Chem. Soc. (London), 126, 251 (1924) 


AsH3 

HgCl,. 1-1221 

Al'sine ri'acts with eith<‘r an alcoholic or water .•solution of luercui'ic 
chlonde \\ith the formation ot ar.-^(*nic and mercurous cliloride. 


\sU, + 3llg('l2 3IIg(M d- .Vs 4- 31I('l 


Lohmann, Phann. /An. 36, 74S, 75 (ISlIli 


25 


AsII^ 

1-1222 

Arsine reacts vigorously with a s(jlution of incicuric chloride in exce.^s 
with the formation of a y«*llow, brown or red j)i-ecipilat(‘. 


(a) 

(b) 


A.-,ll3 I :illg(‘l-.. • A.-IIg:,('l3 h ;iii(’i 

Asllg^cb { A>iij ■ :in(’l i A.s.,l[g 3 




Rose, Pofig. .\nM. 61, 123 '!^lOl 
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AsHs 


1-1223 

Arsine is completely absorbed by a dilute (0.1 N) iodine solution, the 
arsenic being oxidized to pentavalent arsenic. 

AsHa + 4 I 2 + 4 H 2 O ^ H 3 ASO 4 + SHI 

Wiley, Bewlcy and Irey, Ind. Eng. Chem. Anal. Ed., 4, 396 (1932) 35 


AsHa 

I 1-1224 

Br 

Cl 

Arsine is oxidized to arsenic acid by iodine. The same type reaction 
occurs ^^'ith bromine or chlorine. 


(a) 

ASH3 -f" 4I2 "f" 4H2O — 

> H3ASO4 + 8 H 1 


(b) 

AsHa + 4 Br 2 + 4H2O - 

» H3.ASO4 -f 8 HBr 


(c) 

.-VsHa + 4CI2 + 4H2O - 

» H3ASO4 -t- 8 HC 1 


Reckleben 

and Lockemann, Z. anal. Chem., 

47, 105 (1908) 

28 



AsHa 


M226 


Under ordinary conditions arsine acts on dry iodine to give hydriodic 
acid and arsenic triiodide. With an excess of arsine the result is ar- 
senic and hydriodic acid. 

(a) AsHa + Sh 3H1 + AsL 

(b) AsL -{- AsHs — > SHI -{- 2As 


Carmelo Russo, Gazz. chim. ital., 34, 198 (190-1) 



AsHs 

h M226 

Arsine is oxidized by iodine to arsenious acid and finally to arsenic 
acid. 

(a) AsHa + 3I2 + SH.O — H 3 ASO 3 + 6HI 

(b) AsPIa -|- 4 I 2 “1- 4 H 2 O — * Pl3As04 4“ SHI 

(^a) H. Thomas and L. Hess, Ber. Dtsch. Pharm, Ges., 30, 483 (1921) 

(b) H. Reckleben and G. Lockemann, Z. anorg. Chem., 92, 145 (1915) 
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I2 + Hj0 

I ~1227 

l7.T 

AsHg + 3I2 Asia + SHI 

2Asl3 + SHaO AS2O3 + 6HI 

AS2O3 + 2I2 + 2H2O ^ AszOs -f- 4 HI 

R. F. Tarbell, J. Ind. Eng. Chem., 6 , 400 ( 1914 ) pp 


KIO 


AsHa 

^ 1-1228 

Potassuini cliliydiogeii arsenate and free iodine are formed when neu- 
tral potassium iodate reacts with arsine. 

( 2 AsIl 3 + 3KIO3 2KH0ASO4 4 - KI + I2 + H2O) 

H. Rcckleben and G. Lockemann, Z. anal. Clicm., 47, 105 (1908) 55 


KIO^ 


AsH 


Arsine i.s oxidized to arsenic acid hy potassium periodate. 

AsIIa 4 - 4KIO4 ^ il 3 .\s 04 + 4 KI ()3 
Reckicbeii and Lockemann, Z. anal. Cliem. 47, 105 (1908) 


1-1229 


AsHa 

K:Mn 04 M 230 

Arsine reacts with potiissium permanganate to give dipotas.sium hydrogen 
ai-senate, manganic oxide and water. 

AsHs 4 - 2 KMn ()4 — > KcHAsOj 4 - AIn>()3 4- IIoO 

D. Tivoli, Gazz. Chim. Ital., 19, 631 (1889) 21 

Ref., Jones, J. Clieni. Soc. (London), 33, 98 (1878) 0 / 


A.SH3 

KOH 1.1231 

When arsine reacts with potassium hydroxide a solid potassium ar- 
senide is formed, (a). This ar.senide decomposes in tlie pre.sence of 
water to form a solid arsenic hydride, (b). 'Lhe same type reactions 
occur when sodium hydroxide is \ised. 

V 

(a) AsIIa 4 - 3 K()H ~> K3A.S 4 - SlUO 

(b) 2K3AS + (ilhO AS2H2 + ()KOH 4 - 2Ho 

H. Rcckleben and J. .ScIkmIict, Z. anorg. C-licm., 70 , 255 (1911) 


25 
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AsHa 

KOH 1-1232 

Potassium arsenite is formed when arsine reacts with heated dry 
potassium hydroxide. 

2AsH3 + 6KOH 2K3ASO3 + 6H2 

0. Frhr. v. d. Pfordten, Per. 17. 2897 (1884) Si 

AsH3 

K 2 S 3 M233 

Potassium thioai'senite may be formed when arsine reacts with potas- 
sium trisulfide. 

2ASH3 -)- 3K2S3 — > 2IV3ASS3 -|- 3H2S 

0. Friir V. d. Pfordtcn. Ber., 17, 2897 0884) 25 

Asl-L 

M 0 O 3 M234 

A purple oxide is produced when molybdenum tiioxide is heated 
gently with arsine. 

GM0O3 + 2.\sH 3 ^ 3M02O5 -f 2As -f- 3H2O 

C. H. Ehrenfeld, J. .Vm. Chem. Soc., 17, 391 (1895) / 


Asl-L 

NH 4 OH 1-1235 

(AgNH3)N03 

An ammoniacal solution of .silver nitrate reacts with arsine when boiled, 
producing silver and ammonium arsenate. 

Asl-L + 8(AgNFl3)N03 + 3XH4OH + H,0 8Ag + (NH4)3As04 -h 

8XH4XO3 

H. Reckleben, G. Lockcmann and Eckardt, Z. anal. Cheni. 46, 671 (1907) 


AsIL 

NaAuCb M236 

Gold ai*senide is formed when a .solution of .'^odium aurichloridc is 
dropped into an atmosphere of arsine in complete absence of air. 

.\sH 3 + XaAuCU ^ AinVs -p (XaCl + 3HC1) 

Brukl, Z. anorg. Cliem., 131, 236 (1923) 

Kef., J. Chem. Soc. (London), 126, 251 (1924) 
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NaClO 

NaBrO 


AsU, 


1-1237 


Ai'siiic is oxidized to ai'seiiic acitl l)y sodiiuii hypochlorite, 
type reaction occui*s with sodium hypobromitc. 

(a) AsHa + 4NaCl() ir 3 As 04 + 4NaCl 

(l>) AsHs + 4XaBr() HaAsCb + 4NaBr 

Recklebca and LockcMiuinn, Z. anal. Chon. 47, 105 (lOOS) 


The same 



iVsHs 

NiClo 1-1238 

Nickel arsenide is formed when an ammoniacal solution of nickel 
chloride is dropped into an atmosphere of ai’sine in absence of air. 

2 .VSII 3 + 3XiC'l-. -> Xij.Vs, + ((>HC1) 

Brukl, Z. anorg. Chon., 131, >30 (1923) 

Ref., J. Chem. Soc. (I.oiulon), 126, 251 (1924) 25 


o 


As 11: 


M239 


.\i-semc acid is tlie final product obtained when arsine is oxidized. 


(a) 

(b) 

(c) 
(cl) 


2 AsH 3 O2 — > AS2H2 + 2II2O 

4AsH3 + 3 O 2 ^ 4As + OH 2 O 
2 ASH 3 + 3 O 2 ^ 2 H 3 ASO 3 
Aslla + 20:.-^ n3As()4 


Rccklebcn, Z. anorg. Chon., 92, 1-17 (1915) 


25 


AsHa 

PCI 3 1-1240 

Arsine when passed into phosphorus trichloride (below 20''O) forms 
phosphorus arsenide and hydrogen chloride. 

PCI 3 + Aslla ^ PAs + 3IICI 

Jac. V. Janowsky, licr., 6, 210 (ls73j 
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AsH, 


PCI 3 


M241 


A phosphorus arsenic oxide is formed when arsine reacts with phos- 
phorus trichloride and the resulting product is treated with water. 


(a) -\sH, -h PCI 3 ^ AsP -f- (3HC1) 

(b) G.\sP -t- 4 H 2 O 2 P 2 AS 3 O 2 . -f ( 2 PH 3 + H 2 ) 
Janowsky, Her., 6, 662 (1873) 


PCI 5 


AsHa 


1-1242 


A solid hydride is formed when arsine reacts with phosphorus penta- 
chloride. 


2 AsH 3 + 2PCU ^ 2 PCI 3 + AS 2 R 2 + 4HC1 

Janowsky: Ber., 8, 1638 (1875) 


PtCh 


AsHa 


M243 


A black precipitate of platinum arsenic hydroxide is formed when a rapid 
stream of pure arsine is passed into a solution of platinum tetrachloride. 

AsHs + PtCU + H 2 O -> PtAsOH + 4HC1 

D. Trivoli, Gazz. Chini. Ital., 14, 487-491 (1884) 21 

Ref., Ber., 18, 137 (1885) 95 


ASH 3 

WO 3 1.1244 

A blue oxide of tungsten was produced when tungsten trioxidc was re- 
duced by arsine at 125-150°. 

3 WO 3 + 2 AsH 3 -h (O 2 ) -> WjOs + 2As + ( 3 H 2 O) 

C. H. Ehrenfeld, J. Am. Chcm. Soc., 17, 389 (1895) 1 

AS2H2 

Ag20 14246 

Aisenic pontoxide and silver are formed when an ammoniacal solution 
of silver oxide is reduced by solid arsenic hydride. 

.Vs-iHo + 0Ag2O AS 2 O 5 -f- 12Ag -j- HsO 

Reckleben and Scheiber; Z. anorg. Chem., 70, 255 (1911) 25 
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Asia 

(H 2 O) j.^246 

When arsenic diiodide is decomposed by water, ai'senic triiodide and 
areenic are formed. 

SAsIa * 2 ASI 3 -|- As 

J. T, Hewitt and T. W. Winmill, J. Chem. Soc. (London), 91, 963 (1907) 10$ 

Asis 

AS 2 S 3 1-1247 

Crystalline needles are obtained when arsenic trisulfide is melted with 
an excess of arsenic triiodide in the absence of air. 

lAsIs -|- AsaSa — > 3AS2SI4 
L. Ouvrard: Compt. rend., 117, 107 

Ref., Ber., 26, 672 (1893) 25 

Asia 

CH 3 COSH + HaO 1-1248 

If dry arsenic triiodide is heated with thioacetic acid and water, arsenic 
thioiodide, acetic acid, and hydriodic acid are formed. 

Asia + CH 3 COSH + HaO -> AsSI + CH 3 COOH + 2HI 

N. Tarugi: Gazz. Chim. Ital. 2V, 155 (1897) $I 

Mh 

1-1249 

When arsenic triiodide is dissolved in ether, the yellow color fades after 
a few hours. The absorption spectrum indicates tliat ethyl iodide is 
formed. 

2Asl3 + 3 (C 2 H 5)20 — > AS2O3 + 6C2H5I 
C. B. Allsopp, Proc. Roy. Soc. (London) 168A, 171 (1937) IIO 

Asia 

Csl 1-1260 

A deep red precipitate is formed when a solution of cesium iodide in 
hydriodic acid reacts with arsenic triiodide at boiling temperature. 

3CsI + 2Asl3 (CsI)3-(Asl3)2 

H. L. Wheeler, Z. anorg. Chem., 4, 451 (1893) 


28 
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Asia 


1-1261 

An ai-senic diiodosulfide is formed when a current of hj^drogen sulfide is 
passed over arsenic triiodide heated to 200°. 

lAsIa + 5H2S ^ .\s4S5I2 + lOHI 
L. Ouvrard, Compt. rend., 117, 107 

Uef., Ber., 26. 672 (1893) px 


NH3 



1-1262 


Ai-senamicle is formed along with ammonium iodide when ammonia 
reacts with arsenic triiodide at —30° to — 40°C. 


Ash + 6NH3 As(NH 2)3 + 3NHJ 

Hugot, Compt. Hcnd., 139, 54 (1904) 

Ucf., .1. Chom. Soc. (Condon), 86, 559 (1904) 


-VsL 

NHa 1.1283 

A white compound forms wlien arsenic triiodidc is \olatilizcd in an 
atmosphere of ammonia and allowed to stand o\'er sulfuric acid. 

Asis + 4 NH 3 AsTj-4NIl3 
Besson; Compt. rend., 110, 125S 

Ref., Ber., 23, 549 (1890) px 


AsTs 

Rbl 1.1254 

A deep red precipitate is formed when a solution of rubidium iodide in 
hydriodic acid reacts mth arsenic triiodidc at boiling temperature. 

3RbI + 2Asl3 -> (RbI)3-(Asl3)2 

H. L. Wheeler, Z. anorg. Chem., 4, 451 (1893) 28 




1-1266 


Ai-senic trisulfide and iodine \'apor are 
heated with sulfur. 


formed when arsenic triiodide is 


2Asl3 + 3S ^ AS2S3 + 3I2 

U. Schneider, J. prakt. Chem., 36, 498 
Ref.. Ber.. 21, 169 (1888) 
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V 


Asl 


Sulfui forms addition compounds with ai’scnic triiodide, when the re- 
actants are mixed in the stoichiometrical proportions in carbon disulfide. 


M266 


ASI3 + 3 Ss — > Asia -388 

Kleinboldt and Sclincider, J. prakt. Chem., 120, 238 (1929) 

Ref., Hertl, Z. physik. Chem., 16B, 51 (1931) 

Ref., C. B. AUsopp, Proc. Roy. Soo. (London), 168A, 176 (1937) no 




M267 

Sulfur and arsenic triiodide are dissolved in carbon disulfide, u.sing 
approximately 5 % excess of sulfur, to form long prisms, or tablets of 
the orange addition compound, melting at lOS'^. 


-|- AsI,-[ — »■ SSs'AsIa 
V. Auger, Compt. rend., 146, 478-9 (1908) 



AssR 

(H 2 O) 1-1258 

Areenic diiodide decompo.ses in the presence of water to yield arsc'uic 
triiodine and free arsenic. 

— * -l.V.'^I.'j “b 2A.S 

Hewett and Wininill, J. Clicin. .Soc. (London), 91, 963 (1907) 103 


As(NH2)3 

HoO 1-1269 

Ansenamide is dccompos(‘d by water with the formation of ar.senic 
trioxide and ammonia. 

2As(NIl2)3 + 3 IIOII AS2O3 + ONII3 

llugot, Compt. rend. 139, .34 (1904) 

Ref., .1. Chem. Soe. (Immlon), 86, 5.39 (1904) 



.\S(XI|.>)3 


M260 


Ansenamide decomi)o.'^es 
the decomposition b(‘ing 


when the temperature ri.ses above 0 degree.^, 
comidete at (iO^, and ar.senimide is formed. 


2.\s(X]Ic)3 — ^ As2(X"II)3 + 3 XII 3 


llugot, Compt. rend., 139, .34 (1904) 

Ref., .1. Cdicm. 8oe. (Lomlon), 86, 559 (1904) 
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As(XH,)3 


1-1261 

When heated to 250 ° arsenimide is decomposed into arsenic nitride 
and ammonia. 

As2(NH)3 ^ 2 AsN + NH3 

Hugot, Compt. rend., 139, 54 (1904) 

Ref., J. Chem. Soc. (London), 86, 559 (1904) 


As(N 03)3 

Pb{N03)2 1.1262 

Lead nitrate precipitates lead hydrogen arsenate from a solution of 
ai-senic nitrate. 

(a) 4 As(N03)3 2AS2O5 + (12NO2 + O2) 

(b) AS2O5 + 3H2O ^ 2H3ASO4 

(c) H3ASO4 + Pb(N03)2 -> PbHAsO^ + (2HNO3) 

William Gregor, Trans. Roy. Soc. (London), 99, 204 (1809) 105 

AS2O3 

Ag20 1.1263 

A yellow crystalline precipitate of silver arsenitc is formed when silver 
oxide is treated with a solution of arsenic tiioxide in ammonia and 
heated to 100 and the resulting solution neutralized with nitric acid. 

AS2O3 + 4 Ag 20 + 2 HN 03 2Ag3AsQ 3 + (2AgN03 + H2O) 

Reichard: Ber., 30, 1913 (1897) 25 


.\S2O3 

AgsO 1-1264 

Arsenic trioxide reduces an ammoniacal solution of silver oxide to 
metallic silver when boiled. 

AS 2 O 3 + 2Ag20 AS 2 O 5 + 4Ag 

L. Mayer: J. prakt. Chem. N. F. 22, 103 

Ref., Ber., 13, 1754 (1880) 26 


AS2O3 

Ag.O + NaOH 1-1266 

Silver precipitates when a solution of arsenic tiioxide in sodium hydrox- 
ide reacts with sih’er oxide. 

.\s 2 O 3 + GXuOH + 2Ag20 ^ + 2Na3As04 + SH^O 

Reichard: Ber., 30, 1913 (1897) 
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AS 2 S 3 

NasSs 


AS 2 O; 


1-1266 


Sodium trithioxy arsenate can be obtained by treating the product re- 
sulting from melting areenic trioxide \rith arsenic trisulfidc, with 
sodium polysulfide. 

2As 2(-)3 + AsoSa 3 AS 2 O 2 S 

AsjOoS + NaeSs — > 2Na3A.sOS3 
Weinland and Rumpf: Ber., 29, 1008 (1896) 


^5 


AuCl 


As -.(-)3 

^ 1-1267 

Auric clilorido is reduced to gold when treated with arsenic trioxide and 
water. 

3 .\s 203 + 4AuCl3 + OHaC ^ 4Au + 3As2()5 + 12HC1 

Uupp: Ber., 36, 2011 (1902) 25 


AS 2 O 3 

AuCls 

H 2 O 

Metallic gold may be precipitated from a hot auric chloride solution 
wnth an excess of arsenic trioxide. 

4AuCl3 + 3AS2O3 + 6H2O 3AS2O5 + 12 HC 1 + 4 Au 

Victor E. Hersclilag, Ind. Eng. Clicm., .Vnal. Kd., 13, 561 (1941) 


1-1268 


U 


Ba(OH )2 


AS 2 O. 


Hydrated basic barium metansenite is fornu'd when a .solution 
baiium hydroxide and a solution of arsenic trio.xide are mixed. 

2Ba(OH)2 + A.s..() 3 + Hot) -> (Ha(( )H)As()2)22Il20 
Story and .\n(lorson, J. Am. Cliein. Soc., 46 , 537 (1924) 


1-1269 

of 


/ 


Ba(OH )2 1-1270 

Tetrahydratcd barium metansenite is formed when a solution of 
barium hydroxide reacts with a .solution of arsenic tnoxide containing 
0.6 g. per 100 cc. of solution at 25°. 

2Ba(()n).. 4- 3A.^2<b + 2Il2<) (Ba())2-(As2C3)3-4lI-.() 

Story and Anderson, J. .\m. ('hem. .'Sue,, 46, 537 (1921 1 / 



320 
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AS 2 O 3 


BLOs 


M271 


Arsenic pentoxide is formed when a solution of arsenic trioxide in 
sodium liydroxide reacts with bismuth pentoxide. 

AS2O3 + Bi.Os ^ AS2O5 + ^203 
Ueicliard: Bcr. 30, 1913 (189-1) 


26 


AS 2 O 3 


Br2 

S 


M272 


Arsenic tribromide is formed when a mixture of arsenic tiioxide, bro 
mine and sulfur is heated. 

' 2 AS 2 O 3 + GBr. + 3S -> 4AsBr3 + (SSO.) 

Oddo and Giachery, Gazz. Chiin. Ital., 63, 56 (1923) 

Ref., J. Chem. Soc., (London), 124, 316 (1923) 


26 


AsoO, 


CmCOONa 


M273 


If dry sodium acetate is mixed with arsenic trioxide in a hard glass test 
tube and heated to a high temperature, a garlic like odor is produced. 

dCPLCOONa + AS 2 O 3 (CH 3 ) 4 As .>0 + 200 , + 2 Na 2 C 03 

S. J. Thomas, J. Ind. Eng. Chem., 8, 822 (1916) 


22 


AS2(4; 


CHoSHCOOH 


M274 


Colorless crystals are obtained when a solution of arsenic trioxide in 
thioglycolic acid is cooled. 


A.s 4)3 + (>C’H2SHC’()()II [AsCSCILCOtJUjah-ILO + 2 II 2 O 

.\. Rosenheim and I. Oavidsohii, Z. anorg. Chem. 41, 231 (1904) 


28 


A 62 O; 


(COCl)2 


M276 


Arsenic trioxide is converted into the chlonde by refluxing with a slight 
excess of oxalvl chloride. 

V 

A.^-A + 3(C0C1)2 -> 2AsCl3 + 300. + 3CO 

Roger, .\daius and L. H. Llick, J. .\m. Chem. Soc., 42 , 602 (1920) 



AR8KMC 


321 


COCl 


ASzO; 


When aisemc is heated in an atmosiihere of carbonyl chloride, the chlo- 
ride of arsenic and carbon monoxide arc formed. 


1-1276 


2As + 3COCI2 

J. Davy, Phil. Trans., 102, 144 (1812) 


2*\sCl3 + 3CO 


U 


A 8203 

M277 

A quantitative yield of arsenic trichloride is obtained when phosgene 
is passed over a mixture of arsenic trioxidc (80 percent) and phosgene 
(20 percent) heated at 200-200 deg rees. 

AS2O3 -h 3COCI2 ^ 2 AsCl 3 + (3CO2) 

Milligan, Baude and Boyd, J. Ind. Eng. Chem., 12, 221 (1920) 

Ref., J. Chem. Soc. (I.ondon), 118, 372 (1920) 95 


\S2O3 


CaO 


1-1278 

Calcium arsenitc is formed when a mixture of arsenic trioxide and cal- 
cium oxide is heated to 300°. 

JVS2O3 -{- 3Ca(.) — > Ca3(As()3) > 

Raising: Z. anorg. Chem., 149, 68 (1925) 


Ca(OH) 


AS2( )3 


M279 


Calcium metarsenite is formed wlien a solution of ealeium hvdroxido 

% 

and a solution of arsenic trioxide containing .00 g. per 100 cc. water at 
25° are shaken together, (a). Tlie basic sail may also bo formed, (b). 

(a) C'a(()II)2 + AS2O3 Ca(As02)2 + H.O 

(b) 2Ca(()II)2 + A.s ,().3 -> 2(’a(<)II)A.s()-. + H..<) 

Story and Anderson, J. .\tn, C'Ihmu. Soe., 46, 536 (1921) 


25 


.\S >( )3 

CaSO^ 1-1280 

A crystalliiK* eornpound is obtained when calcinin sulfate and arsenic 
trioxide are dissolved in sulfuric acid and lu'ated to drive off sulfuric 
acid, 

AS 2 O 3 -f ( aSO, -H 211, SO, - (’a(>-A.>,<)r3S()3 + (211,0) 

Kiilil, Arch. Pharin., 246, 377 (19U7; 

Hof., J. Chem. Soc , M.onilotf', 94, 36 (I'jUSi 2,5 
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AS 2 O 3 

CeO. 1.1281 

% 

Ceiium oxido oxidizes arsenic trio.xide when heated. 

AsiOs “h 4Ce02 — ^ 2 Ce 203 AS 2 O 5 

Kalsing, Z. anorg. Cheni., 149, 68 (1925) 25 


\S 2 O 3 


Ce(S04)2 


M282 


Arsenic trioxide is oxidized when a strong acid solution of arsenic tri- 
oxide reacts \rith ceric sulfate at 70*^. 

AS 3 O 3 + 4Ce(S04)2 + 2 H 2 O 2C’e2(S04)3 + As.Oa + 2 H 2 SO 4 
Atanasiu ami Stcfanescu, Ber., 61, 1343 (1928) 


25 


As-^i Xj 

CI 2 M283 

Arsenic trioxide reacts with chlorine in the presence of water to form 
arsenic pentoxide and liydrochloric acid. 

AS 2 O 3 + 2 CI 2 + 2 H 2 O ^ AS 2 O 5 + 4HC1 

II. h. Taylor, J. Clicrn. Soc., (London), 97, Pt. 2 , 2541 (1910) 103 


.\S 2 O 3 

CI 2 + H 2 O 1-1284 

Arsenic trioxide, chlorine and water heated together will produce 
arsenic pentoxide and hydrochloric acid. 

AS 2 O 3 + 2C'l2 -h 21120 -> AS 3 O 3 + 4HC1 

M. G. Levi and V. Bettoni, Gazz. chim. ital. 36', 331 (190.5) 


AS2O3 

Cl. 1-1286 

S 

Ars('nic trichloride is prepared when chlorine is passed through a heated 
mixture of powdered sulfur and arsenic trioxide. 

2 AS 2 O 3 + (iCl-. -I- 3S ^ 4AsCl3 + ( 3 SO 2 ) 

% 

Oddo and Giacliery, Gazz. Chim. Ital., 63, 56 (1923) 

Hof., J. Chom. Soc. (l.ondon). 124, 316 (1923) 
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ASoO; 


CrO 


rhe oxidation of ai-senic trioxide with climmium trioxidc is represented 
by tlie following equation ; 

4 Cr 03 + 3AS2O3 2Cr203 + SAsoOs 

Hodolfo Namias, Gazz. chim. ital. 22‘, oil (IS})2> 


M286 


31 


AS2O3 


CrOa 

NaOH 


1-1287 


Chi-oniic oxide is formed wlien a solution of arsenic tiioxidc in sodium 
hydroxide reacts \\'ith chromium trioxide. 

AS0O3 + ONaOn 2Na3As03 + 3H2O 

3Na3As03 + 2 Cr 03 — » CraOa -f (3Na3As04) 

Ilcichard, Bor., 30, 1913 (1897) 


25 


CsCl 

HCl 




M288 


Cesium arsenic chloride is obtained when solutions of cesium chloride 
and arsenic trioxide dissolved in dilute hydroxychloric acid are mixed. 

M 2 ih + 3CsCl + (iHCl ^ C’s 3 .U,C !9 + (ailoO) 

Wheeler, Z. anorg. Cheni., 4, 451 (1893) 


25 


AsaOa 


CsCl 

HCl 


1-1289 


Yellow cr3'stals are ol)tain(“d wlu'u cesium chloride reacts with a solu- 
tion of arsenic trioxide in hydrochloric acid. 

3CsCl + AS 0 O 3 + (iilCI -> (CsC'l) 3 *(AsCl 3 ) 2 - 3 H 2 C 

H. L. Wheeler, Z. anorg. C'hein., 4, 451 (1893; 


28 
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AS2O3 

CuCL 

C2H302Na 


M290 


Starting with, a solution containing cupiic chloride, sodium acetate, and 
arsenic trioxide, the follomng reaction takes place on evaporation of the 

solution, producing a precipitate of Paris green as the acetic acid evap- 
orates off. 


4CuCl2 + SCCHjCOONa) + 3AS2O3 -f 3H2O 

Cu4(As 02)6(CH3C00)2 + 6CH3COOH + SNaCl 

Curtin, Ind. Eng. Chem., 19, 994 (1927) 


AS2O3 

CuO 1.1291 

Ai-senic trioxide is oxidized by cupric oxide when heated to 400°. 

AS2O3 + 4CuO — > 2CU2O + AS2O6 

Kalsing, Z. anorg. Chem., 149, 68 (1925) $5 


AS2O3 

CuO M292 

Arsenic trioxide may be changed to areenic pentoxide by its reaction 
with cupric oxide. 

AS2O3 + 4CuO ^ AS2O5 + 2CU2O 

M. Terreil, Chem. News, 6, 301 (1862) jOi 


AS2O3 

CuO -|- CuCh “1“ NaF 1*1293 

When cupric o.xide, cupric cliloride, arsenic trioxide, water and sodium 
fluoride react together, cupric fluoride and sodium chloride are pro- 
duced, and cupric orthoarsenite is precipitated. 

3CuO -i- 3CuCl2 + AS2O3 + 2H2O + ONaF ^ 

Cii3( AsQ3)2-2H20 -f- 3 CuF 2 + GNaCl 

Curtin, Ind. Eng. Chem., 19, 994 (1927) 


AS2O3 

CU 2 OCI 2 M294 

Cuprous oxide separates when a solution of arsenic trioxide is wanned 
wth copper oxychloride. 

AS2O3 + 2C112OCI2 + 4NaOH AS2O6 -h 4NaCl + 2CU2O -f 2H2O 

Reichard, Bcr., 30, 1913 (1897) iS 
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•VS2O3 


Cu(0H)2 


M296 


Cuprous oxide and arsenic pentoxide are formed when areenic trioxide 
dissolved in sodium hydroxide reacts with cupric hydroxide. 

AS 2 O 3 + 4Cu(OH)2 — » 2 CU 2 O + AS 2 O 6 + 4 H 2 O 

Reichard, Ber., 30. 1913 (1897) 


25 


H 


AS2O3 

* , ... M296 

Amorphous ai*senic i.s obtained upon reduction of ai'senic trioxide with 
hydrogen. 

(AS2O3 4 - 3H2 — 2 As + 3H2O) 

Porphyry N. Lasclitschcnko, J. Chem. 80 c., 121: 1 , 972 (1922) a 8 


\S2ih 

HBrOa 1-1297 

Bromic acid i.'^ reduced to hydroI)roniic acid l)y arsenic tiioxide, (a). 
Potassium liromato is similarly reduced to the bromide, (b). 

(a) 2 HBr 03 + dAsoO^ ^ 21! Mr + 

(b) 2KBr()3 -f- 2IK’l + 3.W>3 -> 2K(’l + 2IIBr + 3\s,(h 

S. Gyory, Z. anal. Chem., 32, 149 (1893) ^8 


AS 2 O 3 


HCOONa 


1-1298 


Ai’sine is formed as a j-etluction product when sodium formate i.s heated 
with arsenic trioxide. 

AS 2 O 3 + l2IICO()Xa 2 AsIl 3 + (iXa >(’204 + 31120 

Vournasos: Ber., 43, 22G4 (1910; 


25 


AsA); 


HCl 


M299 


Arsenic tnchloride is formed when a liydrochloi'ic acid solution of ar- 
senic trioxid(' is distilled in a curnmt of hydrogen chloride 

As -.()3 + dllCl -> 2 ASCI 3 + 311.0 

Foulk and Horton, J. Atn. (’hem. Soc., 61, 2417 (1929) 


I 
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HCl 

€ 



M300 


Arsenic oxide, when put in a drop of hydrochloric acid on platinum and 
both touched by zinc, dissolves and plates out as an iridescent film on the 
platinum. Arsenious and arsenic acid, potassium and calcium aisenates 
and arsenites, arsenious chloride, and freshly made arsenious sulfide all 
give the same test. 

(a) AS.2O3 + 6HCI -> 2ASCI3 + (3H2O) 

(I5) 2 AsCl 3 + G« ^ 2 As + (. 3 Clo) 

(c) Zn + CU (ZnCy 

Edmund Davy, Trans. Hoy. Soc. (London), 121, 1.50 (1831) 105 


AsoO, 

H2CrO, 1-1301 

When a concentrated and hot solution of chromic acid is poured into a 
hot, .saturated solution of arsenious acid (AsjOa + H2O) the liquid 
turns green and after a while a dark green precipitate settles out. 

4H3.VSO3 + IILCrO., 4 CrAsO, + lOH.O + (3O2) 

U. II. ('. Xovillo. C’liorn. Xow.s, 34, 220 (1876) 25 


HoCrOi 



M302 


Addition of a slight excess of arsenic trioxide to a hvdrocliloric acid 
solution of dilute chromic acid or chromate results in the quantitative 
reduction of the chromate. 


(a) (As 2()3 + 3 H 2 <) 2 H 3 As() 3 ) 

(b) (3H3ASO3 + 2H2Cr04 + GHCl 3H3As04 + 2 CvC\, + 5 lhO) 

Spitalsky, Z. anorg. Chem., 69, 179 (1911) 

Uof., KolthofT and Sandell. Ind. Eng. (’licm. Anal. Ed., 2, 141 (1930) 3S 


.VS2t)3 


HIO 


An excess of iodic acid o.xidizes arsenic trioxide to arsenic acid 


3 AS 2 O 3 "h 2 HIO 3 + 9 H 2 O — > GH 3 ASO 4 -f- 2HI 

J. Thomsen, Ber., 7, 1002 (1874) 


M303 
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HMn04 




The reaetion of a.^enie tnoxicle on pennangauic acid in the cold, in the 

piesencc of a soluble .sdvec salt an.l in an acid solution may be wntten 
in tho following manner. 

(a) 5AS2O3 + OHMnO., MueAsioOac + SHoO 

MncAsioOsc — » oMnAs/); -f :\rnO 

5AfnAs2(^7 + MnO — > oAsoOs + iMneOu 
L. Bertiaux, Bull. Soc. Chim. [1\'[, 36, 1341 (1924) 


1-1304 


31 


HNO 


.\S2O3 


30 Bauiue nitric* acid will oxitlizc wliitc arsenic to arsenic pentoxicle. 

3 As 2()3 + 41 IX ()3 3 As ..()3 + 4 X 0 + 2H2O 

C. .M. Smith aiul G. K. Millor, Iial. Knfr. (’Ikmu.. 16, UC8 (1924) 


1-1306 


23 


HNO 


AsoO 


1-1306 


White arsenic is oxidized l)y concentrated nitric acid (sp. gr. 1.33) to 
produce ai-senic acid. 

3 As 2()3 + 4 IIX ()3 + 711.0 ^ 4 X 0 + OHaAsOi 

f’. W. Drury and ('. W. Simmons, ('an. (‘horn. Mol. Knj;. 9, 179 (1925) 


15 


AS2O3 


HNO 3 1-1307 

Nitrogen peroxide is produced l>y condensing in a freezing mixture the 
vapors evolved when nitric acid reacts with arsenious oxide. 


2.W)3 + 12HXO3 ^ 12XO2 -h (4ir3As04 4- Oo) 

Tartar ami Semon, Am. ('horn. Sdo,. 43, 491 (1921; 


I 


Asj( )3 

HNO 3 1-1308 

Arsenic acid is formed wlK*n nitric acid oxidizc's arsenic trioxide in tho 
presence of water. 

AS2O3 + 211x03 + 2II2O 2ir3As04 + (NO. + NO) 

Cilatzel, Yj. anopfi. C’hcni., 70, SO (1911) 


.15 
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AS2O3 

HNO 3 1,1309 

H2S 

Ba(SH)2 

Arsenic trioxide is dissolved in nitric acid. By adding hydrogen 
sulfide arsenic pentasulfide is obtained. This precipitate is brought to 
reaction with barium hydrosulfide solution; barium orthothioarsenate 
crystals of yellow color are obtained, 

(^) AS2O3 2HNO3 2H2O — > 2H3ASO4 -f- N2O3 

(b) 2H3ASO4 + 5H2S ^ As2Ss + 8H2O 

(c) AS2S5 + 3Ba(SH)2 + 6H2O -> Ba3As2S8-6H20 + 3H2S 

E. Glatzel, Z. anorg. Chem., 70, 86 (1911) sg 


AS2O3 

H 2 O 1.1310 

Ai-senic trioxide boiled with water forms ai-senious acid and arsine. 

3AsiO, + 9 H 2 O ^ 2 H,As 05 + AsHa + (3H,As04) 

C. Z. Cross and A. F. Higgin, Ber., 16, 1195 (1883) 

Ref., C. E. M., Science, 2, 408 (1883) 75 


AS2O3 

H 2 O 1.1311 

O3 

(Jzone oxidizes arsenious acid, or a mixture of amcnic trioxide and wa- 
ter, to arsenic acid. 

(a) (AS2O3 -b 3H2O -b 2O3 2H3 As 04 -b 2O2) 

(b) (2H3ASO3 -b 2O3 ^ 2H3ASO4 -b 2O2) 

C. Herlin, Sv. Kem. Tidsk., 13, 156 (1901) 10 

/ 

AS2O3 

H 2 O 2 1-1312 

KIO3 

HCl 

A hydrogen peroxide quantitative method, which employs the oxida- 
tion of arsenite solutions, is based on the following equations. 

(a) AS2O3 H- 2H2O2 AS2O5 + 2H20 

(b) As.>(J 3 + KIO3 -h 2 HC 1 ^ AS2O5 + ICl + KCl -f- H2O 

J. S. Reichert S. A. MeXeight and H. W. Rudel, Ind. Eng. Chem., Anal. Ed., 

11, 194 (1939) U 
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HOCl 


AstO 


8 


Hypocmorous acid reacts wth a.^enic trioxide to 
pcntoxide 8.nd hydrochloric Q>cid. 

AsaOj + 2 HOC 1 -> AS2O6 H- 2 HCI 

R. L. Taylor, J. Chem. Soc. (London), 97, Pt. 2, 2641 (1910) 


1-1313 


yield 


arsenic 


103 


H3PO 


AS 2 O 3 


men a solution of areenic trioxide in hydrochloric acid is treated mth 

ypophosphorous acid in excess, a brown precipitate of finely divided 
arsenic is formed. 

2AS2O3 -h H3PO2 jUs -f- PH3 -f 4O2 

Engel, Compt. Rend., 77, 1645 (1873) 


1-1314 


29 


AS 2 O 3 


H3PO4 


1-1316 


An arsenic phosphate is formed when arsenic tiioxide dissoh^es in liot 
concentrated phosphoric acid. 

3 AS 2 O 3 + 4H3P04 -> (AS203)3*(P205)2-4H20 + (2HoO) 

A. de Schulten, Acta. soc. sclent, fenn., 20, No, 4 
Ref., Ber., 28, 901 (1895) 


25 


AS 2 O 3 


H 2 S 


1-1316 


H 2 S 


When arsenic trioxide is treated with hydrogen sulfide, arsenic tri- 
sulfide and water are produced. 

AS2O3 “h 3H2S — > AS2S3 “h 3H2O 

F, L. Usher and AI. W. Travers, J. Chem. Soc. (London), 87, 1371 (1905) 102 

AS 2 O 3 

2^ 1-1317 

Arsenic trisulfide is formed when hydrogen sulfide reacts with arsenic 
trioxide. 

AS2O3 + 3II2S ^ AS2S3 + 3H2O 
J. Thill, Z. anal. Chem., 38, 342 (1899) 


25 
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HoS 



M318 


Puiified hydrogen sulfide passed thiough a solution of aisenic oxide 
precipitates arsenic sulfide, often in colloidal condition. 


(a) (AS2O3 + 3H2O ^ 2H3 *\s03) 

(b) (2H3ASO3 + 3H2S ^ AsSz + 6H2O) 

T. Svedberg. Ark. Kern., Min., Geol. 3, Part 20, 5 (1909) . 10 


H 2 SO 4 



M319 


A double compound is formed when aisenic trioxide dissolves in con- 
centrated sulfuric acid. 


AS2O3 + 2H2SO4 ^ As203-2S()3 + (2H2O) 

R. H. Adic, J. Chem. Soc., (London) 157 (1S89) 

Ref., Tier., 22. 432 (1889) 2S 


Asjt ^3 

H 2 SO 4 M320 

K2S04 

CaS04 

PbS04 

Arsenic tiioxide and the metallic sulfate were dissolved in concentrated 
sulfuric acid, and the latter driven off by heating. Crystalline com- 
pounds were produced. 

(a) AS2O3 + 2H2SO4 + 2K2S()4 ^ (K4 ))-As-,03-4S03 + (2H2O) 

(b) As.On + 2H2SO4 + 2 { aS('), ^ (CaO),.- As.Oa-dSOa -h (2H2O) 

(c) A.S2O3 + n-.8()4 H- PbS()4 — iM)()-As.,()3-2S()3 + (1120) 

II. Kuhl, Arch. Plmrm.. 246, 377 (1907) 

Ref.. C. F. Baker, J. (^loin. Soc., (London) 94, (2) 36 (1908) ^7 


AS30;, 

H2S04S03 M321 

Ar.'ienic trioxide forms anseiious sulfate wlien evaporated with sulfuric 
acid. Arsenous sulfate is soluble in fuming sulfuric acid to form an 
addition product. 

(a) \s-Ah + 3n2S()4 -> As..(S(),)3 + 31U) 

(b) A.S2(S04)3 + SO3 As2(S04)3-S03 

C. Schultz-Sellack, Ber., 4, 112 (1871) 77 
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H2SO4SO3 

fun?nf "■''™ trioxide is dissolved 

mother liqur*" crystallizes from the 

T, ^ 7H.SO..S03 - AS.03-4S0, + As.Oa-SSOa + (7H.SOd 

K. H. Adic, J. Chem. Soc., (London) 157 (1880) 

Rof., Ber., 22. 432 (1889) 

26 

H 2 S 2 O 3 ■ 

. 1-1323 

Ai-semo tnoxide is completely converted into the sulfide when an excess 
of it reacts \nth thiosulfuric acid. 

AS 2 O 3 + OHoSaOj A.S 2 S 3 + 3H2S<06 + 3 SO 2 + 6 H 2 O 

G. Vortmann, Ber., 22, 2307 (1889) ' 


AS2C)3 


1-1324 

Mercury is precipitated and arsenic trioxide oxidized when this sub- 
stance is treated with fulminate of mercury in the presence of 20% so- 
dium hydroxide solution. 

(a) As^Oa d- Hg(C’i\0)2 -> Hg(CN )2 + AsoOs 

(b) 2Hg(CN)2 + 4NaOII + As.Oa - 2Hg -f dNaCN + As^Os + 2110(4 

Gutmann, Ber., 42, 3623 (1909) 


AS 2 O 3 


1-1326 

In alkaline solutions of mereurie oxide, ar.senic trioxide precipitates 
mercury on boiling. 

2ng() -I- AS 2 O 3 -> 2IJg + AS 2 O 5 

W. Feit, Z. anal, t'liem.. 28. 318 (1SS9) 

Ref., J. F. G., J. Am. Chem. Soc., 12, 10 (1890) t 


-\Si( )3 

HgO 1-1326 

Arsenic pentoxide and iiielallic mercury are formed when an alkaline 
solution of ar.senie (lioxide i.s boiled with mercuric oxide. 


As..( 1 21Ig() > b 2Hg 

W. Fcit, Z. anal. Clu-iii.. 28. 31 1 ilSSUi 
Ref., Uoicliard, Bor.. 30, 1!U3 (1897) 
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As20j 

HgO 1.1327 

A black mercuiy arsenite is formed when red mercuric oxide is heated 
with arsenic trioxide dissolved in sodium hydroxide. 

AS2O3 + 3HgO (Hg3(As03)2) 

Reichard, Her., 30, 1913 (1897) 26 


AsaOs 

HgzO 1-1328 

In boiling alkaline solutions of mercurous oxide, arsenic trioxide precip- 
itates mercury. 

2Hg20 4- AS2O3 — > 4Hg + AS2O6 

W. Feit, Z. anal. Chem., 28, 314, 318 (1889) 

Ref., J. F. G., J. Am. Chem. Soc., 12, 16 (1890) t 


AS2O3 

HgsO M329 

A precipitate of mercury and mercurous chloride is formed when arsenic ■ 
trioxide dissolved in sodium hydroxide is treated with mercurous oxide 
and then wanned with hydrochloric acid. 

AS2O3 + SHgsO 4- (6HC1) ^ 4- 6HgCt + 2H3As04 

Reichard, Ber., 30, 1913 (1897) SB 

AS2O3 

I + H 2 O M330 

Arsenic trioxide reacts ^^^th water and iodine to give arsenic pentoxide 
and hydriodic acid. 

AS2O3 4- 41 + 2H2O AsoOfi 4- 4HI 

Rodolfo Namias: Gazz. Chim. Ital. 22', 509 (1892) 

AS2O3 

I + H 2 O M331 

If the hydrogen iodide is neutralized by sodium bicarbonate as rapidly 
as it is formed, iodine wiW oxidize arsenic trioxide to arsenic pentoxide. 

AS2O3 + 2I2 + 2H2O ^ AS2O5 + 4HI 

Holland, J. Ind. Eng. Chem. 3, 168 (1911) 

Ref., Curry and Smith. .T. Ind. Eng. Chem.. 4, 199 (1912) 
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AS2O: 


Iodine can be titrated by areenic trioxide even in presence of nitrites 
p^o^^ded the solution is kept neutral irith sodium phosphates: 

AS2O3 + 2I2 -h 2H2O -> As 20 b + 4Hr 

A. Berthoud and W. Berger, J. Chim. phys., 26, 542 (1928) 


1-1332 


69 


AS2O3 

M333 

Ai-senic triiodide is formed when ai-senic trioxide is heated in iodine 
vapor. 


2AS2O3 -h GI2 — ^ 4 Asl 3 -f 3O2 
C. Brame, Compt. Rend., 33, 579 (1851) 


29 


h 

H2O 


^\S203 


M334 


Ordinarily, in acid solution an equilibrium exists between ai-senic tri- 
oxide and free iodine. 


AS 2 O 3 -j- 2 I 2 + 2 H 2 O ^ AS 2 O& + 4HI 

Victor E. Hcrschlag, Ind. Eng. Chem., .\nal. Ed., 13, 561 (1941) 
Ref., P. Floury, Bull. Soc. Chim., (IVl, 27, 401 (1920) 


AS2O3 

I 2 + H 2 O 1-1335 

On boiling a mixture of iodine, water and arsenic trioxide the products 
uill be hydriodic acid and arsenic pentoxide. 

AsoOs “h 2I2 “h 2H2O — > 4III “b AS2O6 

C. Maselli, Gazz. Chim. Ital. 36', 2GS (1905) 21 

AS2O3 

^2 1-1336 

NaaO 

Arsenic trioxidc is transformed to arsenic pentoxide by the action of 
iodine and sodium oxide. 

AS2O3 + 2I2 4- 2Xa.>() AS2O5 + dXal 

British Pharmacopoeia, CIumu. Xi'ws, 9, 09 (ISG4) joi 
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AS2O3 

KBrOa 

HCl 


M337 


A concentrated hydrochloric acid solution of ai’senic trioxide may be 
titrated mth 0,2N potassium bromate solution. 

3AS2O3 + 2HC1 + 2KBr03 ^ 2KC1 + 2HBr + 3AS2O5 

Mayr, Z. anor<;. Chom., 137 , 329 (1925) 


K2CO3 


AS2O3 


M338 


Potassium hydrogen metarsenite is obtained when arsenic trioxide is 

added in small amounts to a hot concentrated solution of potassium 
carbonate. 


2 AS 2 O 3 + K 2 CO 3 + (H 2 O) — > 2 KH(As 02)2 + CO 2 

Rcicliard, Ber., 27, 1019 (1894) 


AS2O3 

KCIO3 1.1335 

HCl 

Ai'senic trioxide reacts \rith potassium clilorate in hydrochloric acid to 
give potassium chloride and ai’senic pentoxide. 

2KCIO3 -h 3AS2O3 -> 2KC1 + 3AS2O5 

Kodolfo Nainias, Oazz. Chim. Ital.. 22>, 510 (1892) 21 


AS2O3 

1^2^1207 

HCl 


M340 


Arsenic pentoxide is formed when potassium dichromate oxidizes ar- 
senic trioxide in the presence of hydrochloric acid. 

3.-\s2(.)3 -h 2K2Cr207 + 4HC'l -> 3 .VS 2 O 5 + 4KC1 + 2Cr2()3 + 2H2() 

K. Wuitz: Z. anal. Cliein., 10, 158 (187b 


25 


\S2^^3 

K3Fe(CN)6 M341 

KOH 


Ai’senic trioxide is oxidized 
ferricyanide. 


by an alkaline solution of potassium 


As.tJs -t- lK3Fe(CN)« + 4KOfl -> As.Oj + 4lMFe(CN)6 T 2 H 2 O 

Palmer: Z. anor". Clicm. 67, 317 (1910; I? 
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KIO 


ASoO; 




Ai-sonious compounds react will, potassium iodate in a 20% solution 
of hydrochlonc acid forming the ai-scnic compounds. 

3AS2O3 + 2KI()3 3AS2O5 + 2KI 

% 

G. S. Jamieson, J. Ind. Eng. Chem., 10, 291 (1918) 


M342 


22 


AS2C3 

KMn04 1-1343 

Potassium poimangaiiate in citlu'r noutral or alkaline solution oxidizes 
ai-sonic trioxide quantitatively. 

3AS2O3 + 4 Ki\In ()4 + 2H2O -> 3 As >()5 + IKOH 4 MnO. 


Donath and Schoffec: Monatsli., 7, 644 (1886) 
Ref., H. lirauner, Z. anal. Chem., 66. 242 (1916) 


26 


M344 


ASo( )3 

KMn04 
H2SO4 

Ai*senic fri()xide is oxidized to arsenie pentoxidt* by potassium perman- 
ganate in the presence of sulfuric acid. 

SAsoOa + 4 KMn 04 + OH2SO4 ^ 5A.S..O5 + 2K2SO4 -}- 4 MnS 04 + OHoO 
W. Trautmann, Z. anal. Chem., 60, 371 (1911) 26 


AS2O3 

K2SO4 1-1346 

A crystalline compound Is obtained wlieii potassium sulfate and ai”seni- 
ous oxide are dissolved in sulfuric acid and excess sulfuric acid driven 
off bv heat. 

.\S2O3 2K2SO4 — * ( K'»())2 ■ As2()3(S03)-» 


Kuhl, Arch. Pharm., 246, 377 (1907) 

Kef. J. Chem. Soc. (London), 94, 36 ll90S) 


25 


.\S203 


LiBr 

H.O 


M346 


The binary .‘^.ystem of lithium bromid(‘ and arsenic trioxide is foruKal in 
water at 30°. 

Lilb- + 2 .Vs 2()3 (A.s.>()3)2-LiPr 

F. .\. H. SchnMiHMnakf'r.s .'ind \V. C. (I<‘ Haa t , C’hom. W eokhlad, 14, 11 1 ( 1917 1 
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LhO 

H 2 O 


AS2O3 


M347 


Lithium metarsenite is formed in water at 25°. It is soluble in water 
without decomposition. 



U 2 O + H 2 O ^ 2LiOH 


(b) 2LiOH + AS 2 O 3 2LiAs02 + H 2 O 

F. A. H, Schreinemakers and W. C. de Baat, Rec. trav. chim. 39, 423 (1920) 


AS2O3 

MgO 1.1348 

Magnesium metarsenite is formed when a mixture of arsenic trioxide 
and magnesium oxide is heated to 300°. 

AS 2 O 3 + MgO — > Mg(As02)2 

Raising, Z. anorg. Chcm., 149, 68 (1925) 95 


AS 2 O 3 

MnOj 1-1349 

Arsenic pentoxide is formed when a hydrochloric acid solution of 
arsenic trioxide is wanned with manganese dioxide. The same oxida- 
tion is accomplished with, manganese trioxide, (b), 

(a) AS2O3 + 2Mn02 + 4HC’l ^ As.Qs + 2MnCl2 + 2H2O 

(b) AS2O3 + 2Mn203 + SHCl — » As20t, 4MnCl2 -f- 4H2O 

W. Schranz, Z. anal. Chcm., 37, 444 (1898) 2S 


AS 2 O 3 

NCI3 M 360 

Arsenic acid is formed when a benzene solution of nitrogen trichloride is 
shaken Avith a solution of arsenic trioxide in sodium bicarbonate solution. 

3AS2O3 + 2NCI3 + I5H2O ^ 2NH4CI + 4HC1 -b 6H3ASO4 

Hentschel, Ber., 30, 14.34 (1897) 

Ref., Noyes and Lyon, J. Am. Chcm. Soc., 23, 462 (1901) f 
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NHj 

S 


AS2O 


s 


1-1361 


^te crystals are obtained by heating arsenic trioxide vn 
trated anunoma in a pressure bottle on a water bath. 

(a) AS2O3 + 6NHs 4 - 3H2O ^ 2(NH4)3AsOj 

(b) (NHdsAsOa + S 4 - 3H2O (NHdsAsOaS -31120 

H. F. Weinland and 0. Rumpf, Z. anorg. Chem., 14, 42 (1897) 


28 


29 


AS2O3 

1-1352 

By heating arsenic trioxide with ammoniiun chloride, arsenic trichloride 
is formed and ammonia is evolved. 

AS2O3 4 - 6NH4CI CNPI3 4 - 2AsCl3 4 - 3H2O 

deLuynes, Compt. llcnd., 44, 1354 (1857) 

AS2O3 

NH^OH 
Cu(0H)2 

Copper ai*senite separates when cupric hydroxide is heated with a so- 
lution of arsenic trioxide in ammoniiun hydroxide. 

AS2O3 4 - NH4OH 4 - 2 Cu(OH )2 CuaAssOfi 4 - 3H2O 4 - NH3 

Bloxam, Ber., 27, 1019 (1894) 
lief., lleichard, Ber., 30, 1913 (1897) 

Kef., Girard, Compt. Rend., 36, 793 


M363 


25 


.VS2O3 


NH 4 OH 


1-1354 


Ammonium monothioui'senate is ol^tained as an oily precipitate when 
a mixture of sulfur and arsenic trioxide is heated, the melt finely pow- 
dered and then treated with ammonium hjalroxide and alcohol. 

AS 2 O 3 4“ S 2 4“ (iXII-iOH — * 2(NH4)3As03S 4“ 3 H 2 O 

McLauchlan, Bor., 34, 2100 (1901) 


25 
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AS2O3 

NaBr 14366 

Six-sided tabular crystals arc obtained when a water solution of arsenic 
trioxide and sodium bromide is boiled and allowed to cool and crystallize. 

2AS2O3 NaBr — ► NaBr‘2As203 


F. Ruclorff: Ber., 21, 3051 (IS88) 


25 


AS2O; 


NaHCO 


M366 


I2 


Ai'senic trioxide is oxidized by iodine in the pi-esence of sodium bi- 
carbonate. 

AS2O3 + dNaHCOs + 2I2 AsoOs + 4 NaI + dC'O. -b 2H2O 

L. Rosouthalcr: Z. anal. Chem., 46, 596 (1900) 


25 


A.Sjt la 

NaHjPO,. 1-1357 

Wlien a hydrochloric acid .'Solution of ars<'nic trioxich* is r(‘duced with 
sodium hypophosphite, amorphous ai'senic is precipitated. 

2AS2O3 + 3 HC 1 + SNaH.POs 4 As -f (3H3PO4 + 3 NaCl) 


V. Auger: Compt. rend., 146, 808 (1907) 

Rof.: E. Horton. J. Chem. Soc. (London), 94, 13 (1908) 


57 


•VsoOs 


Nal 14358 

Six-sided crystals are obtained if a water solution of arsenic trioxide 
and sodium iodide is warmed and allowed to cool and (•I'vstallize. 


2 AS 2 O 3 “h Nal 

F. RudorfT; Ber., 21, 3051 (ISSSt 


Nal •2 As 2( ).i 


35 


NaOH 



1-1369 


When sodium hydroxide is added to ar.^caiious o\id(‘ one or the other of 
the following reactions takes place. 


(a) IT-/) 4- 2 NaOII + 2As./)a ^ 

(b) ]U» / 2 NaOH + As/)3^ 

W. T. McGeorge, .1. Agr. Res., 6, 461 (1015) 


Na20-(As/)3)->-2H20 
Na/) ■ Asnf >3 - 2H2O 




VRSKMC 


3:^1) 


NaOH 


AS2O3 


Sodium ai-semte is prepared by dissohing amenic tdoxide in sodium 
hydroxide. Considerable heat is evolved. 

AS2O3 + CNaOn -> 2Xa3As03 + SPIoO 

Uhliugor and Cook, J. Ind. Eng. Chcm., 11, I05 (1910) 


M360 




NaOH 


AsoO 


1-1361 

Basic calcium arscuato may be prepared from the unpurified, first 

roast precipitate or gray ai-senic (90-95% AsoOj) by the following 
changes. 

(“) -W), + 2XaOII 2Xa.\s(), + IbO 

('5) 2Xa.\.sO-, + 4Xa()H -* 2Xa3A.stb + 2H2 

(c) 2Xa3.\.sOj + 4Ca(OIl)o — (CaOlj.V.soOs + (iXaOH + H,0 

Stewart J. I,Ioyd and A. M. Kennedy, Cliein. Met. Eng.. 32, 62-1 (1925) 


■'f4 


2 \.S2( )3 


NaOH 


M362 


Tenth normal sodium arsenite was prepared by dissolving 5 grams of 
reagent arsenic trioxide in 40 cc. of 5 normal sodium hydroxide. Tin; 
solution, diluted to 400 cc., was neutralized with normal hydrochloric 
acid, and then mad<' just slightly acid. 2 g. of sodium hydrogen car- 
bonate were dissolved in tin' solution, follow(*d by sufficient water to 
make one liter. 

A.S2O3 + 2Xa()U + -> 2XaIIoAs03 


B. S. .\Istodt, J. .Vin. Bhann. 29, 227 (1940) 


11 


> 


VSof )3 


NaOH 


1-1363 


Arsenic trioxide icacts with sodium liydroxid(‘ .solution to form sodium 
metarsenit(“. 

A.-^.db -f- 2Xa()H - > 2XaA,s02 + (ITO) 


Sliieldb, Z. phy.s. Cliehi., 12, 107 (1.VJ3) 

Bof., J. K. \Vo(k1, .j. (‘Iiein. Soi-., (I.oiidotii, 93, 115 (190S) 
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AS2O3 

NaOH + C^OsHe 1-1364 

The neutralization curve of a solution of arsenic trioxide in tartaric acid 
\nth sodium hydroxide reveals the following complexes: 

* 

(a) (AS 2 O 3 + 2 C 406 H 6 + 2NaOH ^ 2 NaAs( 0 H)C 405 H 3 + SHjO) 

(b) (AS2O3 + 2 C 4 O 6 H 6 + 4NaOH -> 2Na2As(0H)C405H2 + SHjO) 

J. L. Delsal, J. Chim. phys., 36, 350 (1938) 69 


AS2O3 

NaOH + H 2 S + S 1-1366 

Colorless crystals of disodium acid ortho arsenate are formed when 
arsenic trioxide and flowers of sulphur are dissolved in a solution of 
sodium hydroxide saturated with hydrogen sulfide. 

( 3 AS 2 O 3 + 12NaOH + 3 H 2 S + 2 H 2 O -> 

S + (NaH.\s 04 ) 4 - 7 H 20 + (2Na2S + 2.\s) + 2 H 2 ) 

Preis, Ann., 267, 189 (1890) B6 


AS2O3 

NaOH 1-1366 

SiHClg 

Arsenic is obtained as a reduction product when arsenic trioxide is 
treated with silicochloroform and then moistened with sodium 
hydroxide. 

AsiO, + ISNaOH + GSiHCL + SH^O ISNaC’l + GH4Si04 + 2AsH3 

Ruff and Albert: Ber., 38. 2222 (1905) 26 


AS2O3 

NaaS 1-1367 

The normal sodium thioarsenate is formed along with some sodium 
oxythioarsenate and arsenic w'hen a solution of sodium sulfide is heated 
mth arsenic trioxide. 

3AS2O3 “h 3 Na 2 S -f" I2H2O 

^ Na 3 As 04 ‘ 12 H 20 + 4As + Na^AsOzS + (SO 2 + S) 

Preis, Ann., 267, 186 (1860) 
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\ 



AS 208 


Arsenic trioxide is oxidized by ozone. 


AS2O3 H- 2O3 AS2O6 + 2G2 

Yamauchi, Am. Chem. J., 49, 56 (1913) 

Ref., J. L. Howe, J. Am. Chem. Soc., 36, 241 (1914) 
Ref., Soret, Compt. Rend., 38, 445 (1854) 

Yamauchi, Am. Chem. J., 49, 58 (1913) 


1-1368 


1 

29 

25 


PCI 3 


AS2O3 


1-1369 


Ai-senic trioxide at a temperature between 110 - 130 ° acts on phos- 
phorus trichloride to yield phosphorus pentoxide, arsenic trichloride and 
arsenic. 


6PCI3 + 5 As 20 z SPaOfi + G.ASCI3 -f 4As 

Michaelis, Gazz. Chim. Ital., 1, 378 (1871) 

Ref., J. Chem. Soc. (London), 118, 308 (1920) 


PCU 


AS208 


M370 


Arsenic trichloride and phosphorus oxychloride are obtained when 
arsenic trioxide is treated \rith phosphorus pentachloride. 


2AS2O3 + 6PCI5 ^ 6POCI3 + 4AsCl3 


Hurtzig and Gcuther, Ann., Ill, 172 (1859) 



AS2O3 

Pb(C2H302)2 1-1371 

Lead arsenite was prepared by adding a solution of arsenic trioxide in 
water to a solution of lead acetate in a little free acetic acid. The 
slight amount of precipitate that formed on standing overnight wavS 
filtered off, and ammonia added in excess to the filtrate, throwing dowm 
lead arsenite. 

(a) As 2(^3 ~h SILO — > 2H3ASO3 

(b) 2H3 As() 3 + 3Pb(C2H302)2 + ONII3 ^ + 6NH4C2H3O2 

11. C. Roark, J.A.O.A.C., 3, 332 (1920) 4 ^ 
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PbOo 


AS 2 O 3 


/ 

1-1372 


Lead nietai*senite is formed along with the evolution of oxygen when 
arsenic tiioxide is brought in contact with glowing lead dioxide. The 
same product is formed when lead monoxide is used. 

(a) 2 AS 2 O 3 -h 2 Pb 02 2 Pb(As 02)2 + O 2 

(b) AS 2 O 3 + PbO ^ Pb(As02)2 

Simon, Ann., 23, 283 (1837) 


PbO. 


AS 2 O 3 


M373 


Arsenic pentoxide is formed when a concentrated sodium liydroxide so- 
lution of arsenic trioxide reacts with lead dioxide. 


AS 2 O 3 -h 2Pb()2 ^ AsoOs + 2PbO 

lleiclmrd, Ber., 30, 1913 (1897) 



Pb(OH )2 

Lead metarsenitc is obtained when lead hydroxide 

% 

excess of arsenic trioxide solution. 


1-1374 

is treated with an 


Pb(OH )2 -f- AS 2 O 3 PbCAsO .). 4- H.C 

Story and Anderson, J. Am. Cliem. Soc., 46, 538 (1924) 


1 


PbS 04 



1-1376 


.V crystalline compound is formed wiu'u arsenic trioxide and lead sulfate 
are dissolved in sulfuric acid and the solution heated to drive off sulfuric 
acid. 


As->() 3 -h PbS(_)4 + Ih^ih ^ Pb()-As203-(S03)2 + (H 2 O) 
Kulil, Arcli. Pliarm.. 246, 377 (1908) 

Uof., J. Chem. Soc., (London), 94, .30 (1908) 



As'jOj 

RbCOs M376 

Rubidium metarsenitc may be obtained by treating a water solution of 
arsenic trioxide with rubidium carbonate and e\'aporating the solution 
in vacuum. .V white amorphous mass forms. 

(RboCO.i T As-jOj 2RbAs02 "f~ t'O.) 

.\. Boucliunnet . (.’oiupt. Kend., 144, 041. IS. 3 (1907) 

Uef., B. Marquis, Bull. Soc. C'liiin. (4), 1, 040 (1907) 
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RbCl 

HCl 


VS 2 O 3 


1-1377 


Rubidium chloroa, -senate is obtained when solutions of rubidium chlo- 
ride and arsenic trioxide dissolved in dilute hydrochloric acid are mixed. 

AsoOj -f 3RbCl -1- CHCl ^ RlijAsiCU + ( 3 H 2 O) 

Wheeler, Z. anorg. Chem., 4, 451 (1893) 


35 


AS 2 O 3 


1-1378 


-^I'senic tiisulfidc is formed and sulfur dioxitle is liberated when arsenic 
trioxide is licated witii sulfur. 

2*As203 + 9S -> 2 AS 2 S 3 + 3 SO 2 

hfarckwahl ami P'oizik: Her., 43, 1720 (1910) 


35 


AS 2 O 3 

1-1379 

Arsenic oxide, when heated with sulfur in a distillation apparatus, 
produces arsenic disulfide and sulfur dioxide. 

2AS2O3 -|- / S — > 2AS2S2 “ 1 “ 3 S( )■> 

L. F. Nilson, K. Sv. Vet. Akatl. Ilamll., 10, 0 (1871) 

Kef.: Herzelius, Lehrlnich dor Cheniie., 2, 2C8 (1850) lO 



\S20; 


1-1380 


Arsenic triiodide is formed when a mi.xture of ai*senic trioxide, sulfur 
and iodine is heated. 


2As 2(.)3 + 3S + ()!•> ^ 4.\.vl3 H- (3S()..) 

Oddo and Cliachcry, Gazz. C’hiin. Ital., 53, 56 (1923) 

Hof., J. Chem. Soc. (London), 124, 310 (1923) 



AsoOa 

S 

NH^OH 


1-1381 


Diammonium liyilrogi'ii moin)tliioar.';eiiate .separates as a crystalline 
precipitate wlum a mixtui'e of sulfur and arsenic trioxidc is heated. 
The finely pulv(‘riz<*(l mell is ti'eated with ammonium hydroxide* and 
an excess of alcohol. 

As-jOg + S 2 d” iXIi.itHI - ' 2(X i l.i)i!lI-Xs().gS + IFG 

McLaucldan, Her., 34, 2!0() 0901 ) 


35 
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AssOs 

S2CI2 1-1382 

By heating arsenic trioxide with. suKur monochloride, arsenic trichloride, 
sulfur dioxide, and sulfur are obtained. 

2AS2O3 + 6S2CI2 4AsCl3 + 3SO2 + 9 S 

Prinz, Ann., 223, 357 (1884) SO 

Ref., G. Oddo and E. Serra, Gazz. Chim. Ital., 202, 355 (1899) 81 

R. C. Smith, J. Ind. Eng. Chem., 11, 109 (1919) 88 


AS2O3 

S2CI2 1-1383 

CI2 

Arsenic trichloride is formed when chlorine is passed into a boiling 
mixture containing sulfur monochloride and an excess of arsenic tri- 
oxide. 

4AS2O3 + 3S2CI2 + 9CI2 SAsClg + 6SO2 

Partington, J. Chem. Soc., (London), 2578 (1929) 25 


AS2O3 

SO 3 M384 

A double compound is obtained when arsenic trioxide is heated in a 
closed tube -with sulfur trioxide. 

AS2O3 4 " 8SO3 — > AS2O3 ' 8SO3 
R. H. Adie, J. Chem. Soc., (London), 66, 157 (1889) 

Ref., Ber., 22, 432 (1889) 26 


AS2O3 

SOCI 2 1-1386 

Arsenic trioxide reacts with thionyl chloride in the cold producing the 
chloride. 

AS2O3 + 3SOCI2 2 AsCl 3 + 3SO2 

North and Hageman, J. Am. Chem. Soc., 36, 354 (1913) ^ 
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Sb 


AS2O8 

1*1386 

Antimony displaces areenic from arsenic trioxide when a mixture of 
finely powdered ai-senic trioxide and antimony is heated to 360°. 

2 AS 2 O 3 + 4Sb ^ 2 Sb 203 + 4As 

Krafft and Neumann: Ber., 34, 565 (1901) 


AS2O3 

Se^Cla 1-1387 

The oxides of ai'seiiic, antimony and bismuth are treated with selenium 
monochloride to \deld the corresponding chloride, selenium oxychloride 
and selenium. 

(iSeaClo -f AS 2 O 3 ^ SSeOCb + 9Se + 2 AsCl 3 

Lcnher and Kao, J. Am. Choni. Soc., 48, 1554 (1926) / 


AS2O3 

SiCU 1-1388 

Arsenic trichloride forms when ai-senic trioxide reacts with silicon tetra- 
chloride in a tube at 270-280° (Heated for about thirty hours). 

2 AS 2 O 3 4- 3SiCl4 4AsCl3 + 3SiO> 

G. Uautcr, Ann., 270, 236 (1892) 25 


AS2O3 

Sn 1-1389 

Amorphous arsenic can be prepared by reducing ai-senic trioxide with 
metallic tin in concentrated hydrochloric acid. 

( 2 AS 2 O 3 + 12HC1 + 3Sn SSnCU + GH 2 O) 

Porphyry N. Laschtschenko, J. Cliom. Soc. (London), 121, 973 (1922) 48 


AS 2 O 3 

SnCl2 1-1390 

When a hydrochloric acid .solution of ai*senie trioxide is reduced with 
stannous chloride, amorphous arsenic is produced. 

AS 2 O 3 4" SSnCb 4“ GHCl 2As 4” ( 3 H 2 O 4” SSnCU) 

V. Auger: Compt. rend., 146, 808-811 (1907) 

Ref.: E. Horton, J. Cliem. Soc., (London,) 94, 13 (1908) 57 
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AS 2 O 3 

Sii(OH)2 

KOH 


M391 


Potassium stannate and arsenic are formed when stannous hydroxide 
reacts ^nth a potassium hydroxide solution of arsenic tiioxide. 

AS 2 O 3 + 3 Sn(OH )2 + 6 KOH ^ SKoSnOa + 2As + 6 H 2 O 

Reicliard, Ber., 30, 1013 (1S97) 


25 


AS 2 O 3 

V 2 O 4 1-1392 

I 2 

Hydnodic acid is formed when iodine oxidizes arsenic trioxide in the 
presence of vanadium tetroxide in alkaline solution. 

AS2O3 -f" ^'204 + 3I2 + 3H2O — > AS0O5 -f- V2O5 4 - GHI 
Edgar: Z. nnorg. Cliem., 61, 77 (1900) 25 




M393 


Arsenic soluble in carbon disulfide may be obtained by reducing aiscnic 
trioxide u*ith zinc dust in the presence of the solvent. 

(AS2O3 + 3 Zn + OH" ^ ^ + 3 Zn^^ + 3H2O) 

Reginald G. Durrant, J. Chem. Soc. (bomlon), 116: 1, 135 (1019) 


ZnCb 


AS 2 O 3 


M394 


Zinc orthoarsenite is formed wiien arsenic trioxide 
chloiide in a neutral or alkaline solution. 


reacts with zinc 


OZnCb + ISNaOH -f 3M.O, 3Zn3(As()3)2 4- ISXaCl 4- 9 H 2 O 

L. P. Curtin. J. Ind. Eng. Chem., 19, OOo (1027; 


23 


ZnCb 


AS2O3 


M396 


Zinc metarsenite is prepared by adding a solution of arsenic trioxide to a 
solution of zinc chloride, both slightly acid, and then by adding sodium 
hydroxide solution to neutrality. 


As 2()3 4- ZnCL 4- 2NaOH -> ZnAs 204 4- 2NaCl 4- H 2 O 

S. Avery, J. Am. Cliom. Soc., 28, 1163 (1906) 

Ref., R. C. Roark, .l A.O.A.C., 3, 33G (1920) 
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ZnO 


ASsO; 


Zinc orthoareenito is formed nlion a mixture of arsenic trioxide and 
Zinc oxKle is heated to 420^ 

AS 2 O 3 + 3ZnO — > Zn 3 {As 03)2 

Kiilsing, Z. anorg. Chein., 149, GS (1925) 


1-1396 


25 


ZnO 


AsiOs 


1-1397 


Zinc metai-senite is formed wlien a mixture of arsenic trioxide and zinc 
oxide is heated to 250°. 

AsoOa + ZnO — » Zn(As 02)2 

Knising, Z. Anorg. Choni., 149, 6.S (1925) 


25 


A.Sjt >3 

ZnS 04 1-1398 

Zinc ai-senite is prepared l)y adding a solution of ai-senic trioxide to a 
solution of zinc sulfate, botli slightly acid, and then neutralizing ^\^th 
sodium hydroxide solution. 

AS 2 O 3 + Zn 804 + 2Na()II — > Zn(.\s() 2)2 + Na 2 S 04 -|- H 2 O 

S. Avery, J. Am. Chem. Soc., 28, 11G3 (1906) 


Itef., O. B. Winter, J.A.O.A.C., 4, K15 (1920) 


.2 


.\s2O6 


Be(OH)o 1-1399 

H 3 ’groscoj)ic ciystalline leaflets of inonoUuylliuin arsenate arc obtained 
when arsenic pentoxide dis.solved in a small (iuantit\' of water is treated 
with pure bervllium hydroxide. 

AS 2 O 5 “t“ l3c(OH)2 ll-'O — > 13eH4(A.s04)2 
Blcycr and Muller: Z. anorg. Clicm., 76, 287 (1912) 25 


Be(OH )2 1-1400 

Amorphous beryllium hydrogen ar.s(*nate i.s lormed when arsenic j)ent- 
oxide dissolv(‘d in a little wat(‘r is lieate<l to 220° witli pure bervHiimi 
lydroxidc' for sevei'al hoiiis. 

+ 2 Me(()ll )2 • 2ReHAs(i4 + U-A) 

Bleyer and .Muller, Z. anorg. C’lieni.. 76, 2S7 (1912) 25 
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AS2O6 


Be(OH )2 

4.31 grams of beryllium hydroxide are added to a solution of 23 grains of 
areemc pentoxide in hot water. By concentrating this solution over 
concentrated sulfuric acid colorless crystals of monoberyllium hydrogen 
arsenate are obtained. 

AS2O6 + H2O + Be(OH)2 — + BeH4(As04)2 
B. Bleyer and Miiller, Z. anorg. Chem., 76, 285 (1912) 


1-1401 


S8 


CuCOa 

Ba(OH )2 
Sr(OH )2 
Ca(OH )2 

30 grams of arsenic pentoxide are put into a pressure tube and dis- 
solved in 30 mi of water. 1.25 grams of copper carbonate and 9.5 
grams of barium hydroxide are added. The sealed tube is heated for 
8 hours at a temperature of 180 °. Prismatic crystals of a blue greenish 
color, the barium salt of the copper pyToarsenic acid are obtained. The 
same type reaction occui*s with strontium hydroxide and calcium 
hydroxide. 

(a) AS2O6 + 3H2O ^ 2H5ASO4 

(b) 2 HjAs 04 -f CuCOs + Ba(OH)2 — > BaCu(As207) + CO2 + 4H2O 

(c) 2HaAs04 + CuCOs + Sr{OH)2 SrCu(As207) + CO2 + 4H2O 

(d) 2H3ASO4 + CuCOs -b Ca(OH)2-^ CaCu(As207) + CO2 + 4H2O 

A. Rosenheim and H. Autelmann, Z. anorg. Chem., 187, 385 (1930) 

AS2O6 

Fe(OH )3 M403 

By heating, in a sealed tube at 160 ° for three hours, 7 grams of arsenic 
pentoxide with 50 ml H2O and iron hydroxide obtained from 3 grains 
of ferric chloride, a white precipitate is formed. 

2AS2O6 + 6Fe(OH)3 + 2IH2O ^ (Fe 2 Q 3 ) 3 -(As 2 O 6 ) 2 - 30 H 2 O 
A. Rosenheim and S. Thon, Z. anorg. Chem., 167, 1 (1927) 


AS2O6 


1-1402 
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HCl 


AS2O5 


1-1404 


Ai-senic pentachloride may be formed by the action of an excess of 
hydrochloric acid upon arsenic pentoxide. 


/VS2O6 4 - lOHCl 2 AsCU + 5H2O 

F. Neher: Z. anal. Chem. 32, 47 (1893) 


HCl 


AS2O5 


1-1405 


When ai’senic pentoxide is treated with hydrochloric acid, arsenous 
trichloride, chloiine and water are produced. 


AS2O5 + lOHCl -> 2 AsCl 3 + 2CI2 -h 5H2O 

F. L. Usher and M. W. Travers, J. Chem. Soc. (London), 87, 1372 (1905) 102 


HI 1-1406 

Hydiiodic acid reduces arsenic pentoxide to amenic trioxide in the 
presence of hydrochloric acid in the cold; iodine is formed during this 
reaction. 

The iodine formed can be titrated with thiosulfate solution, thus afford- 
ing a convenient method for the volumetric estimation of arsenic. 

AS2O6 + 4HI -> ^VsaOs + 2H2O + 2I2 


Quasim A. Mansuri, J. Chem. Soc., 123, 220 (1923) 4^ 

Ref., Halland, J. Ind. Eng. Chem., 3, 168 (1911) 22 

Ref., Z. Anal. Chem., 63, 73 (1914) 26 

Ref., Little, Cohen, and Morgan, J. Chem. Soc., (London), 96 , 1478 (1909) lOS 


H 2 S 1-1407 

Arsenic pentasulfide forms when hydrogem sulfide reacts with arsenic 
pentoxide. 

A.S 20 i + 51 — *■ A.S2S5 -h 5H2O 

L, Vanino and C. Griebcl, Z. anal. Chem. 40, 589 (1901) 25 
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AS2O5 




Hydrogen sulfide first reduces arsenic pentoxide mth the separation of 
sulfur and then precipitates the arsenic as the tiisulfide. 

(a) AS2O5 + 2H2S ^ .4S2O3 + 2H2O + 2 S 

i^) AS2O3 + 3H2S ^ AS2S3 + 3H2O 

Wachenroder, Luding and H. Rose, Ann. der phys. u. chem., 107, 186 
Ref., L. W. McCay, Am. Chem. J., 10, 459 (1888) /7 

Ref., F. L. Usher and M. W. Travers, J. Chem. Soc. (London), 87, 1371 (1905) lOH 


H.S 


V.SoOa 


1-1409 


When a current of hydrogen sulfide in excess is passed into an acidulated 
solution of arsenic pentoxide kept at the pentasiilfide is formed. 

AsoOo -}■ SIRS — AS0S5 + 5 1 TO 

Lerry \V. McCay, Am. Chem. J., 10. 45!) 0888) /7 

Ref., F. L. Usher and M. W. Travers, J. C^hem. Soc., (London) 87, 1371 (1905) 102 


AsoOi 


HoS 

HCl 


M410 


It hydrogen sulfide is passed through a solution of arsenic pentoxide 
^\hich is acidified slightly with hydrochloric acid the reaction to the 
f'Ultide takes place in two steps. I^oth arsenious and arsenic sulfides 
are formed. 

(a) AS2O3 + 2H2S As^th -h 2H2O + 2 S 

(h) AS2O3 + SHoS AS2S3 + SlhO 

(c) AS2O3 -|- 5H2S — » AS2S5 + olhO 

UslaTand Travers, J. Chem. Soc.. L(md()n. 87, Pt. 2, 1371 (1905) 


lOS 


HgO 



M411 


Ba(OH)2 

Sr(OH)2 


In a glass pre.-^sure liihe 30 grams of arsenic i)ent(i\idc are dissolved 
in 45 (■(' (it water; 2.2 grams ot mereuric oxide and !).5 grams <A barium 
hydroxide are added. 'PIk' .sealed tube is kept at a temperature of 
180 - 200 lor 5 hours. C’rystal.s ot ycdlow color, composed of barium 
mercuric i)yroar.s('natc are oi>tain(Ml. I'lie .same ty|)e reaction occui'S 
with strontium hvdi-oxidc. 


(a) A.S0O5 + 3H2() ^ 2II3.-VSO4 

(b) 2Il3As()4 + HgO + ]ia(OH)2 BaHgfA-s.O;) • H.O + Slh.O 

(c) 2H3ASO4 + HgO + Sr(OH)o ^ SrHg(.A^207) + dH.O 
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AS 2 O 6 

Mg(V03)2 

Magnesium vanadium ai-senate is obtainetl 
vanadate reacts with ai-senic pentoxide. 


1-1412 

wlien magnesium meta- 


3AS2O5 + 2Mg(V03)= (Mg()),-(V.,05).-3As20i 


C. Friedhcim: H(>r. 23, 26()0 (1890) 



AssOs 


MoO 


1-1413 


Colorless crystals are obtained by boiling a solution of molybdenum 
tnoxide with arsenic acid. 

(iMoOa + AS..O5 + 1811 ,. (.) -> As^Os- (^^1003)6 -ISHsO 

C. Fricdheiiu, Z. anorg. Cljcm., 2, 314 (1802) 


28 


(NHdoCr.OT 


AS 2 O 5 


M414 


Ai'senic pentoxide will react with a concentrated solution of ammonium 
dichromate yielding red crystals. 


2As-/) 5 + 2(XH4)2Cr,.(J; -> [(NIR)20 -As205b-4Cr03 
C‘. Frictllieini. Z. aiiorg. tMjcin. 6, 273 (1804) 



AsoOs 


(NH4)oMo04 1-1415 

When the calculated amount of ai'senic pentoxide is added to a nitric 
acid solution of ammonium molybdate and tlie solution evaporated at a 
temperature not (‘xceoding 50- an ammonium arseno molybdate 

is formed. 


6(NH4)2jMoU4 + A.sA). + 12HN03 

— > (Mo 03 ) 6 '-\-'' 2 t (XI 14)20 ■ "b IONH 4 NO 3 + (llhi)) 

II. Dchr uy, 

Kef., A. Ilenningeix Ucr.. 7, s20 (IN7I‘ 26 
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AS2O6 

(NH,)2Mo04 I. 

« 

aqua regia 

■\Vhen a strong nitric acid solution of ammonium molybdate which 
contains a little arsenic pentoxide is boiled with aqua regia until all of 
the ammonia is destroyed, two complex arseno molybdic acids crystal- 
lize out when the reaction product is allowed to stand. The two acids 
may be separated mechanically; one is white, the other yellow. 

(a) AS2O6 -f 20(NH4)2 MoO4 + IOO 2 


As2O5-20MoO3-27H2O + 2 ON 2 + I 3 H 2 O 
(b) AsaOs + 6(NH4)2 Mo04 + 3O2 + 4H2O 

As20s*C(Mo03)-1CH20 + 3N2 + (6NH3) 

H. Debray, 

Ref., A. Henninger, Ber., 7. 819 (1874) // 


AS2O6 

NH 4 VO, 1.1417 

An ammonium vanadium arsenate is formed when arsenic pentoxide re- 
acts with ammonium metavanadate. This compound is unstable and 
breaks down into ammonium metarsenate. 

(a) 3AS2O5 + 4NH4VO3 ^ ((NH4)20)2- (V205)2-3 As 205 

(b) ((NH4)20)2*(V205)2-3 As 206 -> 2(NH4)V2As08 4- 2NH4i\s03 + AsaOs 

C. Friedhoim, Ber. 23 , 2600 (1890) 25 


AS2O5 

NH 4 VO 3 M418 

V2O6 

A double compound is obtained when arsenic pentoxide is allowed to 
react with ammonium metavanadate and vanadium pentoxide. 

+ 2NH4VO3 + V2O5 -> (NH4)20-(V205)2-AS205 

C. Friedheim, Ber., 23, 2600 (1890) 


V 
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AS2O6 

The influence of temperature and eoncentration of sulfuric acid and 

sodium hydrogen sulfite on the reduction of ai-scnic pentoxide has been 
studied. 

AssOs + 2 \allS 03 (As^Oj + 2NaHSO,) 

Pett, Biochom. J., 27, 1672-6, (1933) 

Ref., Zinzodgo, Anal. Ed., 7, 227-8 (1035) 

Ref., Tscliopp find Tsc-hopp, IIclv. Chim. Acta, 16, 1023 (1932) 

Rof., TononielT and rotsoliinok, Z. Anal. Cliem. 88, 271 (1932) 55 

-VsoOs 

1-1420 

Aisenit* t ric'liloridc aiul phu.'<i)lu)rus oxycldoiide arc' obtained along 
with the evolution of (‘hlorine, when arsenio pentoxide is treated with 
pliosplionis pentaeliloride. 

A.'^oOo + 5P(’h-> 2As('b + oPOC’b + 2Cb 

Ilurtzig and Geuther, Ann. Ill, 173 (1859) og 

AsA'Ii. 

PbO 1.1421 

Lead inetar.'^enate i.«< forinial when a mixture of lead oxide and solid 
arsenie pentoxide in correct proportions is heated to dull redne.ss. 

PbO -f AS0O5-. Pb(As()3)2 

MeDonnoll Jiinl Smifli. .1. .Vni. (’lioni. St)c., 38, 2035 (1916) 1 


As 4), 

PbaO^ 1-1422 

Lead inetarsc'natc' is produe(‘d wlien a mixture of rc'd haul and .solid 
arsenie acid in tin' jiioper proportion is fu.M'd at dull red heat. 

1*1)30., + 3As,05 3PI>(.Vs03)2 + O 

.MfDtjniu’ll ami Smitli, .1. Ain. (’hfin. 38, 2035 (lOlti) / 




M423 


Ai’senie trielilorkh* is formed when ar.senie 
sulfur monoehloride. 


pentoxide is heated witli 


2A.'^-j 05 + bS^.Clj — ' lAst'b + 7 S -p oSO-,* 

Prinz; Ann. 223, 359 (ISSI) 
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AsjOfi 

1-1424 

% 

The poisoning of catalysts in the contact process for sulfuric acid 

starts at about 300°C., whereas the maximum catalytic efficiency starts 

at 660°C. The reactions involved in the poisoning may be written as 
follows: 


(^) AszOs + 2SO2 — > AsjOj + 2SO3 

(^) AS2O3 -j- O2 — > AS2O5 

B. Neumann and H. Jiittner, Z. Elektronchem, 36, 05 (1930) 86 


AS 2 O 5 

SnCh-dHaO 1-1426 

NaOH 

Colorless ncedle-like crystals of sodium stannate-arsenate are obtained 
when a mixture of a solution of stannic chloride pentahydrate and 
arsenic pentoxide is neutralized with sodium hydroxide. 

5 AS 2 O 5 2SnCl4*5H20 -|- 42NaOH 4- 89 H 2 O 

-> 2[Na2SnO3-(Na3AsO4)5-C0Il2O] + 8NaCl 

W. Prandtl, Ber., 40, 2133 (1907) i5 


AS 2 O 6 

Sr(OH )2 1-1426 

Strontium dihydrogen arsenate is formed when strontium hydroxide is 
added to a solution of arsenic pentoxide. 

Sr(OH)2 + AS2O5 -f* HoO — ^ Sr(H2As04)2 

Tartar, Bice and Sweo, J. Am. Clicm. Soc., 63, 3950 (1931) 


AS 2 O 5 

Sr (OH). M427 

Strontium hydrogen amenate is prepared when solid strontium hydroxide 
is added to a solution of arsenic pentoxide and sodium hydroxide added 
until pH of 5.4 is reached. 

2 Sr(OH )2 + AS 2 O 5 2 SrHAs 04 + (H 2 O) 

Tartar, Rice and Sweo, J. Am. Chem. Soc., 63, 3950 (1931) ^ 
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1 


As(0H)3 

When ai-senious acid is treated with iodine and water, 
pentahydroxide and hydriodic acid are formed. 

As(OH)3 4- I 2 -f- 2140 As(OH)5 + 2HI 

II. M. Chapin, J. Agr. Res., 1. 515, (1914) 


M428 


arsenic 


67 


As(OH)6 

1-1429 

Sodium thiosulfate in a solution of hydrochloric acid forms thiosulfuric 
acid (a), which reduces ai-senic pentahydroxide to arsenious acid and i.s 
oxidized to tetrathionic acid, (b). 

W Na2S203 + 2 HC 1 — > HsSoOj + ( 2 NaCl) 

(b) As(OH )5 + 2H2S2O3 As(OH )3 + H2S4OB + 2H2O 

R. M. Chapin, J. Agr. Res., 1, 517 (1914) Cy7 

AS2O2S 

NaeSs 1-1430 

Sodium trithioarsenate can be obtained by the action of sodium poh'- 
sulfide on ai-senic dioxvsulfide (prepared by: 2As..()3 + AsrSj — ^ 
3AS2O2S). 

AS 2 O 2 S -|- XaeSs — > 2Na3.Vs()S3 

Weinland and Runipf, Ber., 29, 1008 (1890) 25 


AsSo 

AS 2 O, 1-1431 

In the presence of an excess of arsenic trioxide ars(‘nic disulfide will be 
transformed into sulfur dioxide and metallic ai*senic. 


3AsS2 4 4 AS 2 O 3 — > GSO 2 4 1 1 As 

Nilson, Gazz. Chiin. Ital., 7, 242 (1877) 


21 


AsjS) 

NaoS 1-1432 

Sodium thioarsenate and arsenic are formed wlien realgar Ls treated 
with sodium sulfide. 


5A.S2S2 4 0Na2S —> 6 As 4 4 Na 3 AsS 4 

A. Geuther: Ann. 240, 208 (1887) 


25 
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AS2S2 

O 2 M433 

Arsenic disulfide in the presence of air isoxidizedtoarsenictrLsiiIfideand 
ai’senic trioxide. 

()As 2 S 2 “h 3O2 — ^ 4AS2S3 -L 2AS2O3 

Nilson, Gazz. Chim. Ital., 7. 243 (1877) 2t 



him 

Arsenic disulfide heated with alkaline hydrates is transformed into 
metallic arsenic and ai*senic sulfide. 


3AS2S2 — ^ 2As -|- 2AS2S3 

Nilson, Gazz. Cliini. Ital. 7, 243 (1877) 



AS2O3 



M436 


Arsenic disulfide and arsenic trioxide when heated in a distillation 
apparatus produce a mirror of crystalline metallic arsenic, while sulfur 
dioxide is evolved. 


3AS282 + dAs^t.Ia — ^ 7As'> + (iSO-. 

L. F. Nilson, K. Sv. Vet. Akad. ilandl. 10, 8 (1871) 



NaOH 



M436 


A neutral salt is obtained, along with some arsenic when finely pow- 
dered realgar is treated with an exce.ss of sodium hydroxide solution. 

SAsnSo + SNaOH + 21II2O 

^ (Na20)3*As2S302- 2411.0 + 4As + (2NaHS + S) 

Geutlier. Ann. 240, 223 (1886) 


/ 


As.S > 


0 . 


1-1437 


Arsenic disulfide heated in the prescuice of oxygen produces arsenic tri 
sulfitle and arsenic trioxidc. 

OAs.S. "h 30. — ^ 4AS.S3 2A.S.O3 

L. F. Xil.son, K. Sv. Vet. .\ka(l. Handl. 10, 82 (1871) 


10 
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Air 


As«S 


2^2 


Ai-senic disulfide Ls decomposed by air to form arsenic trLsulfidc and 
ai-sonic trioxide. 

GAS0S2 + 3O2 4AS2S3 + 2AS2O3 
Otto Potterssoii, J. Clioni. Sor. (London) 77, 12S3 (1900) 


M438 


102 


AgCl 


,\SoS 


203 


M439 


Silver pjaothioai-scnito is foi incd when arsenic Ls heated with 

silver chloride. 

oAsjSs + 12AgC'l — » 3Ag4.\s2S5 + dAsCU 

Sommerlad, Z. anorg. Chem., 18, 420 (ISOS) 


AgCl 


AS 2 S 3 


M440 


Hy heating in a rc'tort to loO^, inoh’dilar (luantities ol arsenic trisiilfide 
and silver chloride, excluding air, the sulfide i)eing in slight excess, 
silver thioarsenite (premstittO is ohtaiiUMl as a dark-red glistening 
mass, (a). hen tlie amounts ot the reactants are varied both the 
meta, (h), and the pyro, (c), sil\-er arsenit(‘s are obtained. 

(a) 3AgCl + AS 2 S 3 — Ag.,AsS 3 -f- AsCl,. 

(b) 3AgCM -b 2A.«^2S:f — 3AgAsS2 + AsC'l;, 

(c) 12Ag('l -b oA.soS;, ^ 3Ag,A.-^2S3 + dAsCb 

H. Soininerlud. Z. anorg. Clictn.. 16, 173 (isOTi 


2 o 


ASrSs 

AgCl 1-1441 

By heating a mixture of silver chloride atid ars(*nie trl'^ulfide silver 
thioarsenite is obtained. 

loAgCl -b dAsoSs — > 3 Ag 5 A.s,S^ + oAsC'b 

II. Sonuncrlad, Z. anorg. Chcin., 18, 420 (ISOS) >8 


AS2S3 

AgCl 1-1442 

Silver metathioarsenite is obtaiiaal when ar.senie trLsulfidc Ls heated 
with silver chloride at 170°. 

2 A.‘. 2 S 3 + 3AgCl ^ SAgAsSo + AsCb 

Soininorhul: Z. anorg. Clicin. 18, 420 (ISOS) 25 
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AS2S3 

Ag2S M443 

A dull black product is obtained when silver sulfide is melted with ar- 
senic trisulfide. 

AS 2 S 3 “h 12Ag2S — > Ag24As2Si6 

Sommerlad: Z. anorg. Chem., 18, 420 (1898) 25 


AS2S3 

Aslj M444 

Crystalline needles are obtained when arsenic trisulfide is melted with 
an excess of arsenic triiodide in the absence of aii'. 

AS2S3 -|- lAsL — > 3AS2SI4 
L. Ouvrard: Compt. rend. 117, 107 

Kef., Ber., 26, 672 (1893) 25 


AS2S3 

AS 2 O 3 1-1446 

NaeSs 

Sodium trithioareenate can be obtained by treating with sodium poly- 
sulfide the product resulting from melting arsenic trisulfide with ar- 
senic trioxide. 

(a) AS2S3 -b 2AS2O3 -> 3/VS2O2S 

(b) AS 2 O 2 S -h NaeSi ^ 2Na3AsOS3 
Weinland and Uumpf: Ber., 29, 1008 (1896) 


AS';S3 

CaO 1-1446 

Elementary ai-senic is produced when arsenic trisulfide vapoi’s are 
passed through glowing calcium oxide. 

.\s2S3 + 2CaO — 2As + (2CaS + SO2) 

Simon, Ann., 23, 272 (1837) ^ 
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AS 2 S 3 


M447 

A brown liquid was obtained by the action of chlorine on arsenic tri- 
sulnde, 


AS2S3 + 6CI2-. (AsClali-SSCb 

Rose, Pogg. Ann., 42 , 517 (1837) 

Ref., J. Chem. Soc. (London), p, 2577 (1929) 


CuCl 


AS2Ss 


1-1448 


A black mass of “binnitc” is formed when 
chloride are heated together at 200°-300°. 


arsenic trisulfide and 


cuprous 


3 AS 2 S 3 + GCuCl — > Cu 6 As^S 9 + 2AsCl3 

Sommerlad: Z. anorg. Chem. 18, 420 (1898) 


AS2S3 


CuCl 


1-1449 


A copper compound of arsenic and sulfur is formed when arsenic tri- 
sulfide and cuprous chloride are heated togetlier. 

5 AS 2 S 3 + 12CuCl 3 CU 4 AS 2 S 3 -i- 4AsCl3 

Sommerlad; Z. aiiorg. Chem. 18, 420, (1898) SS 


AS 2 S 3 

FeClj 1.1460 

Ai*senic pentoxide is foinunl wlu'n arsenic trisulfide reacts with ferric 
chloride in solution. 

AS2S3 + lOFeC’b + olbO ^ As.Os + lOHCl + lOFeCb + 3 S 

Caminerer: Borg u. lluttenmanii Ztg. (1891) pp. 203, 261 ' 25 




1-1461 


Arsine and hydrogen sulfide ai(* formed when nascent hydrogen reduces 
freshly precipitated arsenic trisulfidc. 

AsoSa + 1211 2 AsH3 + SHS 

R. Otto, Her.. 16, 2947 (1883) 25 


3(iO 


ENCYCJ.OPEDIA OF CHEiMlOAL REACTIONS 


AS2S3 


HCOONa 


M462 


Arsine is foinieci when a mixture of sodium formate and arsenic tri- 
sulfide is heated to redness. 

AS2S3 + 12 HCOONa GNaoCsO^ + 3H2S + 2AsH3 

Vournaso.s; Ber. 43, 2264 (1910) 


25 


ASoS; 


HoO 

O2 


M463 


( )xygen under pi’essure will hydrolyze a suspension of ai'senic trlsulfide 
in water to ai'senic trioxide and hvdr()g<*n sulfide. The latter will be 
oxidized to sulfuric acid. 


(a) 


AS2S3 + 3 Ih.() ^ AsAh + 3H2S 


(h) H 2 S + 2().>-^ lESOj 

H. Zielcr, Z. anorg. Clicm., 162, IGl (1027) 


28 



AS2S3 


M464 


Arsenic triiodide and fr(‘e sulfur are ol>tained wlum iodine decomposes 
arsenic trisulfide. 


.\,S2^3 H" 3 I 2 — ^ 2Asl3 -|- 3S 

R. Schneider: J. prakt. Chcni.. f2), 36, 40S 
Hef., Ber., 21, 169 (1888) 


AsoSa 


HoO 


M466 


To a suspension of arsenic trlsulfide in wat(*r is added.sodiumcarlwnate, 
a little starch paste and a standard solution of iodine. The arsenic 
trlsulfide should l)e absolutely free from hydrogen sulfide. 

+ ol 2 + 5H/) ^ A.s4), + lOHI + 3S 

M. Gi-.who, t’hein. Xt-ws. 1, 106 (ISOTj 
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K.COs 

1-1466 

Crystals of potassium oxythioai-scnaf.. arc obtained when arsenic fri- 
sulfide IS treated with a boiling solution of potassium carbonate. 

.\S 2 S 3 + 3 X 2003 + 4 H 2 () -|- (>2 — > 

KiOAsoSsOa^IIoO + (3KiK’()3 + KIIS) 
Nilson, J. Prakt. Chem., (2), 14, 21 
Ref., Ann., 267, 17S (1890) 


AS 2 S 3 


K 0 CO 3 

1-1467 

Ai-senic pentasvilfide Ls formed when a mixture of arsenic trLsulfide and 
potassium carbonate is melted. 

2 AS 2 S 3 + 4 K 2 CO 3 + (20,) AssSs + K,S + (ICO,) + 2K,A.s03 


Rose, Pogg. Ann. 90, 565 
Ref., Ann., 88 , 401 (1853) 


I 


AS 2 S 3 


KOH 


1-1468 


Ai'senic trisulfide dissolves in an excess of potas.sium liydroxide forming 
potassium sulfide and dithioai*senite. 

(ii) A.S..S 3 + OKOII — > Iv-i.\s();, -f IviAsSa ~f- 3II..() 

(h) J\3 A.sS 3 2K()II — K^S -f- IxsAsSoO -f“ If^O 

(’urtman aiul Marru.s, .1. .\iu. (’hem. Soe., 36, 1097 (1911) 


AsoS 


2 ‘ ^3 


K.S 


M469 

When arsenic tri<ulfid(‘ is dksohi'd in a solution of potassium sulfiih', 
with or without the i)re.<enc(' of liydrogen sulfide, potassium sulfarsenide 
is formed, eoiitaiuing li\'c molccuh's of water of liydratioii. Solutions 
ot sulfides of sodium, ammonium, liarium, strontium, calcium, and 
inagnesium l)(‘hav(‘ similaily to timt (»f |>ol{issium, but lu'sf in tlu* pres- 
ence of h 3 'drogen suHidc. 

KuS + -Vs-jSa + 511-4) — ' KuS-As-jSs-oII^O 

L. F. Nilson, K. 8v. X'tU. .\ka<l. Hand). 10, -14-67 (1871) 


W 
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AS2S3 

K2S2O6 M460 

Potassium metarsenite is formed when arsenic trisulfide reacts with 
potassium pyrosulfite, 

2AS2S3 + 8K2S2O6 ^ 4KAs02 + 6K2S2O3 + 3S + 7SO2 
R, Bunsen: Ann. 192, 305 (1878) #5 


AS2S3 

(NH4)2C03 M461 

Ammonium thioarsenite and ammonium arsenite are formed when 
ammonium carbonate reacts with arsenic trisulfide. 

4AS2S3 + 12(NH4)2C03 ^ 4(NH4)3 AsS 3 + 4(NH4)3As03 + 12CO2 

L. Vanino and C. Griebel: Z. anal. Chcni. 40, 589 (1901) 


AS2S3 

Na2C03 M462 

Six-sided crystalline tablets arc obtained when arsenic trisulfide is 
treated with boiling sodium carbonate solution. 

2AS2S3 + NajCOa + 7H2O + (O2) NaoO-2As2S302-7H20 + (CO2) 

Nilson, J. prakt. Cheni., (2) 14, 12 

Hef., Ann., 267, 179, (1890) ^ 


.•\s2S3 

Na^CO, 1-1463 

« 

Arsenic trisulfide dissolves in sodium carbonate solution evolving car- 
bon dioxide and leaving sodium sulfide and arsenic oxide in solution. 

AS 2 S 3 “h 3Na2C03 — > AS 2 O 3 3Na2S -p 3 CO 2 
P. Klason, Ark. Kern., Min., Gcol., 6, Part 5, 12 (191C1 

Ref., J. Chem. Soc. (London), 112, 152 (1917) ^ 


As.,S 


2‘^3 


NajCOs 1-1464 

When arsenic trisulfide is dissoh’ed in boiling concentrated sodium 
carbonate solution sodium sulfarsenide is the main product formed, 
mixed with other more complex compounds containing sodium, ai*senic 
and sulfur. A similar reaction takes place when potassium carbonate 
is used instead of sodium carbonate. 

IOAS2S3 + SNaoCOa + 3H2O -> 3 Na 2 S(As 2 S 3)3 + 2H3ASO3 + 3CO2 
L. F. Nilson, K. Sv. Vet. Akad. Handl. 10. 36 (1871) 


10 
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NasCOa 

H2CO3 


AS2S3 


M466 


Arsonious sulfide heated with sodium carbonate in the presence of oar 
borne acid produces amenic dLsulfide. P't^=>ence 01 cat 

(-1AS.S3 + 4NaA'()3 + - 4 (As3S3) + + 4 CO 3 + SNa^S) 

b. I'. X.lson, K. Sv. Wl. Aka.I. llamll., 10, :t0 (18711 
Sonannoiit. Ann. chini. Pliys.. 33, |2‘) 

Ann. 80, 218 (IS.il): nnrl Knsc: pm,, „ 


w 


AsfjSa 

NaHS 

1-1466 

Arsenic is formed when sodium hydrogen sulfide reacts uith arsenic 
trLsulfulo and the rosulting licinid (‘ioctrolyzod. 

-^‘'^2S3 + (iXallS ^ 2Xa3A.sS3 + 3H2S 
2Xa3A.sS3 + .‘HIo 2A.S + (iXallS 


Siemens, lirit. Pat. 7123 (1K9C) 


>/) 


NaOH 

SrClo 


■2‘^3 


M467 


Sodiurn-strontiiirn inonothioarsciiatc* is oi>taine(l wlicti ai-scnic tri- 

suHido moLstoned w itli alcohol is nihhcd with sodium liydroxidc, treated 

with water and then strontium chloride added until precipitation Ls 
complete. 

AS 2 S 3 d- So “f- OXaOlI + 2Sr('l-.. + ITII-jO 

(XaSrAsOaS),.. l7II-.() + (4Xa('l + SIIoS) 

Mchiiuclilan : HtT. 34, 2H>(» (1901) 




o 


AsoSs 


1-1468 


Oxygf'ii under prc.ssure will react witli a suspension of arsenic frisullide 
in 40% nitric acid yielding aisenic acid and sull'uric acid. 

AS2S3 + f Olljt) 2H3.\s(h + .dlloSth 
II. Ziolcr, Z. anorg. ('lictn., 162, KU n927> 


'H 
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AS2S3 

PS, 1-1469 

Arsenic thiophosphate of yellow green color is obtained when a mix- 
ture of arsenic trisulfide and phosphorus pentasulfidc is heated. 


.\s2S3 + P2S5 2 AsPS4 

E. Glatzel, Z. anorg. Chem., 4, 186 (1893) ^8 

Ref., Ber., 26, 577 (1893) 25 


AS2S3 

PbClo 1-1470 

Reddish-brown arsenic sulfide-lead sulfide Is obtained when a mixture 
of arsenic trisulfide and lead chloride is heated. 

4AS2S3 H“ SPbCb — * 3PbAs2S4 2AsC]3 

Soimnerlacl, Z. anorg. Ch^m., 18, 420 (1898) 25 


AS 2 S 3 


PbCl 


M471 


A bright steel-gray lustrous ‘‘dufrenoysite” Is obtained when a mixture 
of arsenic tiisulfide and lead chloride Is heated to a high temperatur.c. 

5AS2S3 -|- CPbCb — ^ 3Pb2As2S5 ~i“ 4 AsC I3 

fioinmerlad : Z. anorg. Chem., 18, 420 (1898) 28 


AS2^'3 

PbS • 

“Jordanite” is formed when a mixture of lead sulfide and arsenic tri- 
sulfide is heated. 

AS2S3 + 4 PbS — Pb^AsoS: 


Soniincrlad: Z. anorg. Chem., 18, 420 (1898) 


28 


. Vs-j^s 

SOCl, 

Arsenic tricliloride results when ai>euie trisulfiile reacts with thionyl 
chloride at 150°. 

AsjS;j -j- (>SO( 'l-> 2 AsC 33 -|- 3St )2 4" 3N>( b 

Nortlk and Conover. .1. .Vin. Chem. Soc., 17, 248$ (1015) 


M473 



s 
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Sb 


AS 2 S 3 


Antimony ti-is«lfidc is obtained when a mixtme of dry arsenic trisulfidc 
and antimony is heated to 2C0° in an atmosphere of carbon dioxide. 

AS 2 S 3 + 2Sb Sb 2 S 3 + 2As 

Krafft and Neuman; Ber. 34, 565 (1001) 


M474 


SnCl 


AS 2 S 3 


HCl 


1-1476 


Ai-sonic tlisuHulo Ls piocipitatcd wlmii a hydrochloric acid solution of 
stannous chloiidc reduces freshly' precipitat(‘d arsenic trisulfide in the 
presence ol fiimin**- hydrocliloric acid. 

A.S..S 3 + Snt'b + 2IK'l -» .VssS. + Snt.'lj + HjS 
Chrcnfeld; Ber., 40, 3962 (1007) 


Ba(HS )2 


:\s,>S5 


1-1476 


Barium orthotliioarseiuite is lorined when a solution of barium hydro- 
sulfide reacts with arsenic pentasulfiile. 

AsoSt + 3Ba(llS)o + (illoO ^ 3l|.s + BasCAsS^o • GHoQ 

Glatzel: Z. tiuor^. C'liein., 71, 20‘l UOJl) ^6 

AS 2 S 5 

K 3 ASO 4 1-1477 

Crystals ot potassium oxytliioarsioiate are ol)tained wlien arsenic penta- 
sulfide is dissolved in ])otassium arscoiate solution. 

AsoSa -{- 2IV'{As()j -|- 2H”( 1 -b (()) 

' Kot ) • As-jSot • 21 l-jO -f- ( 2 K 2 S + AS 2 O 5 + S) 

H, Nil.son, J. prakt. t'hciii., (2), 14, 21 

Bef., K. Preis, .Vrin. 257, ITS (ISOO) 05 


KOH 


.\S2^'5 


1-1478 


Arsenic juaitasulfide will read with polassium hydroxide' yieklinj^ j)o- 
tassium thioarsc'iiate, potassium dit hioar.scnatc ami pola.ssiiim nioiu)- 
t hioarsenate. 

(dAs^So -f- 2lK(>il ~> 3K:,.\sS, f + 2 K.-,AsS 03 -f 1211,0) 

It. 1’'. tind P. I.clini;iitt», Z. aiior;;. ('lu'iii. 26, 322 flOOl) 
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AsjSg 

MgO , 1-1479 

A mixture of magnesium mono and trithioai-senates and magnesium 
thioarsenate is formed when freshly prepared arsenic pentasulfide is 
allowed to react with magnesium oxide suspended in water. 

8AS2S6 + 24 MgO -> 4 Mg 3 (AsOS 3)2 + 2 Mg 3 (As 03 S )2 + MgaCAsS^z 

+ Mg3(As02S2)2 

McCay and Foster: Z. anorg. Chem., 41, 452 (1904) t 

Ref.. Bcr., 37 , 573 (1904) 


• AS2S5 

(NH4)2C03 M480 

Ammonium thioai-senate and ammonium ai-senate are formed when 
ammonium carbonate reacts with ai-senic pentasulfide. 

4 AS 2 S 5 + 12(NH4)2C02 5(NH4)3AsS 4 -f 3(NH4)3 As04 + 12 CO 2 

L. Vanino and C. Griebel: Z. anal. Chem., 40, 589 (1901) 25 


AsoSfi 

(NH4)2C03 M481 

Ammonium thioarsenate and ammonium monothioarsenate are formed 
when ammonium carbonate reacts with arsenic pentasulfide. 

AS 2 S 3 + 3(NH4)2C03 (NH4)3.\sS4 + 3 CO 2 + (NH4)3As03S 

Weinland: Z. anal. Chem., 40, 589 (1901) 25 


As2Ss 

NH4OH M 482 

A solution containing ammonium thioai'senate and ammonium mono- 
thioarsenate Ls obtained when ai'senic pentasulfide is treated with am- 
monium hydroxide. 

AS2S5 + 6NH4OH (NH4)3A.sS 4 + (i\H4)3/Vs03S + 3H2O 

McCay; Ber. 32 , 2471 (1899) 

Kef., Chem. Ztg. 15, 476 
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NH4OH 

SrCIo 


-VS2S6 


1*1483 


mStTy'Z™' "S"“' r *»>“““ ™- 

slre.ttom ohtai* ,i„di„e “™,T, rf'l »' 

thioarsonate. ^ ammonium strontium mono- 

(a) + 6NH OH (NHd)3AsS, + (NHd)3As03S + 3H3O 

Lrov W ^ NH4SrAs03S + 2NH4CI 

l^Ho> W. McCay, Z. anorg. Chem., 26, 459 (1900) 


:28 


NaOH 


ASoS; 


A mi-'^turo of mono and dithiosodium amcnato and sodium thioarsenate 
IS formed wlien amon.c pontasulfi.ie is treated witl, sodium liydroxidd. 

7AS3S5 + 42 NaOH GNaaAsSd + SNaaAsOaS + SNaaAsO^S^ + 21H3O 

McCay: Her., 32. 2471 (1S99) 

Ref., Z. anorg. Clicm., 26, 322 (1901) 


1-1484 


25 


A.s.,S 




NaOH 
KOH 

Arsenic pentasulfule is soliiI)le in sodinm liydro.xich' yielding sodium 

thioansenate and sodium monothioar.scmate. The same type reaction 
occui's with potassium hydro.\ide. 

(a) AssSs + ONaOlI — > NajAsSj + NajAsCJaS + 3IIo() 

(t>) AS285 + (iKOII K3ASS4 + KjAsCJaS + SHoO 

LeRoy W. McCay, Z. anorg. Chem., 26, 459 (1900) 


M486 


28 


SnCl, 

HCl 


AS2S5 


1-1486 


Ai-senic disulfide is formt'd wlien a hydrochloric acid solution of stan- 
nous chloride reduces freslily jncciiiitatcd arsenic pimtasulfide in the 
presence of fuming lo'drochloric acid. 

AsoSs + .SSnC’h' + (illCI ^ AS2.S2 + SSnt’h + SIIoS 
Ehrenfeld, Ber. 40, 3902 (1907) 


25 
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AS2S5 

TI2S 1-1487 

Thallium thioarst'nato precipitates a.s an orange powder when thallous 
sulfide and arsenic pentasulfide react with each other in alkaline solution. 

3TI2S + AS2S5 ^ 2 TU\sS< 

L. F. Iliiwlcy, J. Am. Chem. Soc., 29, 1013 (1907) J 


AgoSe 



/ 

him 


The fusion cur\*(‘ for a mixture of silver selenidc and arsenic trLselenide 
pa.sses through a maximum at the tempei-ature corresponding to the 
compound shown below. 


3Ag2Se + JAs-iScs — > SAg^Sc -dAsaScs 

H. Pclaljon, Compt. rend., 146, 975 (190.S) 



AS2S('3 

Na2Se2S 1-1489 

NaS 


Sodium tris(‘lenothioars(*nate along with some .^odium monoselenotri- 
thioars(*nat(‘ is obtained when ars(‘nic trischaiide is di.^^solved in sodium 
thioselenide and sodium sulfide solutions. 


As 2S(‘3 + Xa2S(‘2S -h 3Xa2S — > Xa.^.VsS.iSe + X"a.3AsSe3S + X^a2‘^c 


Mossinf^or, B('r., 30, 797 (1S97) 


25 


A.S2Se3 

Na>Se2S 

NaoSe 


M490 


S(Mliuin trisel(‘nothioarsenate is formed when an excess of sodium selc- 
nide is added to a solution containing sodium tliiosehuiide and sodium 
sulfid(‘ and boiled. 


As2Se3 + XuoSe -f Xa-jS -{- Xa2S(‘2S — » 2 Xa. 3 .VsSo 3 S 


Messinjicr. Iter., 30, 797 (1S97) 


25 
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*‘Vs2Se3 

oe 

NaHS 

Rodtlish yellow prisinatic crystals separate when pure arsenic triselenide, 
sullur and selenium are dissoh ed in an excess of sodium liydrosulfide at 
loom tempeiature. Sodium selenide and sodium monoseleno thio- 
ai'senate are obtained when the solution Ls boiled. 

(a) .VsiSes + S + Se + ONallS -> 2Na3AsS2Se2 + 3 PI 2 S 

(b) Na3AsS.>Se + 2NaSII ^ Xa^Se + Naa-A^SgSe + H.S 

(c) 2Xa3As2S2Se + (2Se) -j- 2XaHS ^ Xa,Se + Na^AsoS^Ses + 

HoS + (2As) 

Messingcr, Bcr., 30. 797 (IS97) 


r-i49l 


25 


SeoCl 


AsjScs 

M492 

Aisenie sc'lenide and selenium monocliloiide yield arsenic trichloride 
and selenium when IIk'v r(‘act. 


3S(‘o('i2 -h As..Se3 ^ 2AsC'l3 + 9Se 

;uul Kao, J. Am. C’lu'ni. So<*.. 48, 1553 (1921)) 


ASoS(*=; 


KOH 


1-1493 

Dissolvi' o girams of arscane penfaseh'ihdc^ in comH^nti'atc'd potassium 
hydroxide solution, filter into 300 ee al)solut(‘ alcohol; crystals of orange 
red color ar(‘ obtaiiu'd. 


As-jSca + (iKOll + 7Ilj(> — > KsAs^SesOa- lObbO 

\. Clever aiul \V. Mutlunann, Z. aiiorg. Cliem., 10, 117 (1S95) 


28 


AsoScr. 


KoS 

NaoS 


1-1494 


Hy boiling arsenic p(‘ntas(‘l(>nid(‘ with potassium sulfide a dark brown 
solution is formed. 'I'lns solution filter(‘d into absolute alcohol yields 

V 

orange red crystals. 'Dje .<ame typ(‘ reaction occurs with sodium suHid('. 

(a) As-.Se 5 + 3 K 2 S + 1211 , .0 — 31vjS-As2Se5- 12H..O 

(b) AssSt'o + 3Xa2S + I8lld) — 3Xa2S-As-.Se5A8H20 
A. Clever and W. Mutlunann, /. anorg. Cliem., 10, 117 (1S95) 


28 
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NaOH 


M495 


A mixture of sodium selenoarsenate and sodium monoselenoarsenate 
is formed when arsenic pentaselenide is dissolved in sodium hydroxide. 

As2Se5 + 6NaOH ^ NasAsSe4 + Na^AsOaSe + SHgO 

Szarvasy; Ber. 28. 2654 (1895) 

Ref., Weinland and Rumpf: Z. anorg. Chem., 14, 42 (1897) 


As2Se5 


NaOH 

Se 


M496 


Sodium selenoaisenate Ls formed when selenium dissolved in sodium 
hydroxide is treated with ai-senic pentaselenide. 

( 2 As 2 Se 6 + 12 NaOH + 9 Se + 3OH2O ^ 4 Na 3 AsSe 4 - 9 H 20 + 3 Se 02 ) 

Clever and Muthmann: Z. anorg. Chem.. 10, 117 (1895) 


25 


As2Se5 


NaoS 


M497 


Sodium thioselenoarsenate is obtained when a solution of sodium sulfide 
in caustic alkali is treated with arsenic pentaselenide and boiled. 

AssSes + 3Na2S + I8H2O ^ {Na2S).3-As2Se5* I8H2O 
Clever and Muthmann: Z. anorg. Chem. 10, 117 (1895) 


25 


Se 

KOH 


As2Se6 


M498 


By boiling arsenic pentaselenide with a solution of selenium in potassium 
hydroxide, then filtering into absolute alcohol, brown crystals are 
obtained. 


AssSes + 2 K(dH + 3 Sc + dH^Q 2(I<AsSe3-2H20) + (SeOa + HsSe) 

A. Clever and W. Muthmann, Z. anorg. Chem., 10, 117 (1895) 



ARSKNIC’ 


371 



NaOH 


M499 


Ai-senic thioiodide will be decomposed by the addition of sodium hydrox- 
ide to give sodium thioarsenite, sodium arsenite, sodium iodide and 
water. 


3AsSi + 12\aOH XasAsSj + 2Xa3A.s(\ + 3Xal + 

X. TaruKi: Gazz. Chim. Ital. 272, 155 (i 8 ‘) 7 ) 


21 


As2S2Se3 


NaHS 


1-1600 


Brownish yellow, well formed prisms can bo ol^tained i>y db^soh-ing 
arsenic triselenium disulfide in sodium hydrosulfide and cooling the 
solution to —7°. Ihe sodium tliioai'senate and scmiscicnothioarscnate 
are formed if the experiment is carried on at a temiiei-ature aliove (>0-70°. 

(a) AsaSsSca + SX^allS — > 2 X'a 3 AsS 3 Sc + Xa^Sc -|- dll-^S 

(b) 2Na3AsS3Se 2XaIIS — > XasSc + XasAs^SySc -f- 

(c) XaaAsSsSc -f 2XaHS Xa 3 AsS 4 + Xa.Sc + IbS 
Messinger, Her., 30, 797 (1897) 


25 


\s2»?>2fee3 


NaOH 


M601 


Crystals of sodium monotliiotrLselcnoarscnatc separate wlu'U arsenic 
trisclenium disulfide dissolves in sodium hvdroxidc'. 

+ OXaOH — » X’asAsSoaS + XaoAsOsS -f lilloO 
Szarvasy, Ber., 28, 2654 (1895) 


26 


Vs>S2S(*3 


NaOH 


M602 


Sodium selenide is made when 25^V sodium hydroxide which has been 
boiled in a stream of hydrogen to exp(‘l all absorbed air is tj’eated with 
arsenic tri^eleniurn disulfide and heatcal to 40 -50°. 

As 2 S 2 Se 3 + 8Xa()lI — ► XaoSe + 2Xa3As()2S8e 

Messinger: Ber., 30, 797 (1S07) 
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AS2S3&G2 

1,1503 

Yellou' prismatic crystals separate and hydrogen sulfide e^'olves when 
arsenic diselenium trisulfide is dissolved in 25 % freshly prepared sodium 
hydrosulfide solution first at room temperature, at 50 - 70 ° in a stream of 
hydrogen, and then cooled to -5°. 

(a) 2As2Se2S3 + IGNaHS ^ 2Na6A.S2S7Se + 2Na2Se + 8H2S ( 50 - 70 °) 

(b) NaeAs-iSTSe + 2 NaHS —> Na2Sc + 2Na3A.sS4 + PLS ( 90 - 100 °) 

jMessingcr, Ber., 30, 797 (1897) 25 


NaOH 


AS2S3S(*2 

1-1604 

Radiating fuzzy colorless needles are obtained when arsenic diselenium 
trisulfide Ls dissolved in sodium hvdroxide. 


(a) As2Se2S3 + SXaOH 

(b) 2As2Se2S3 + HiXaOH - 

Messinger: Bcr. 30, 797 (1897) 


XaoSe + NaeAsoSsScO-i + 4H2O 

Na2Se + Na 6 As 2 S 3 Se 04 + NaeAsaSaSe.Oj 

+ 7H2O 


25 


As2b38'e2 

NaOH 1-1606 

Sodium monoselenothioarsenate forms when arsenic diselenium tri- 
sulfide dlssoR'es in sodium h\’droxide. 

As2Se2S3 + GNaOH ^ NasAsSeSs + NasAsOsSe + SHoO 

Szarvilsy, Bcr. 28, 2654 (1895) 25 


\s2b3be2 


NaOH 


M606 


Crystals of sodium diselenodithioarseiiate separate when arsenic di- 
selenium trisulfide dissolves in sodium hydroxide. The same com- 
pounds arc formed when arsenic tri.solcnium disulfidt' is treated with 

sodium hvdroxide. 

% 

As^Se^Sa + GNaOII ^ NnaAsS^Sco + Na.iAsOaS + SILO 

Sziirvasy, Bcr., 28, 2654 (1895) 


25 
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1-1607 

jMicioscopic crystals of diai'scnic clichlorosulfidc arc obtained when 
tetraai'senic dichlorosulfide is heated to 180° for a long time in the pres- 
ence of sulfuric acid and arsenic trichloride. 


-Vs^S^C !•> >■ AS2S3 -f- jVS2S2d2 

L. Ouvrard, Compt. Uoiui., 116, 1516 
Ref., Bcr., 26, 672 (1893) 


AS 2 () 5 ' GAI 0 O 3 • I 4 H 2 O 

RbNOs 1-1608 

A concentrated solution of ai>;enoinolybdic acid (Pufahl’s acid) will 
react with a concentrated solution of rubidium nitrate yielding a com- 
plex compound of rubidium arsenomolybdate in form of micro ciystals. 

AssOs-CMoOa-UHoO + 2RbN03 

^ Rb2() As2()5 t)Mo()3 + 13H2O + 2HNO3 

F. Ephrniiu and H. Ilcrsclifinkel, Z. anorp. C’liem., 66, 237 (1910) 28 


As 2()5‘ Na2C( )3 

M 0 O 3 1-1609 

When the calculated quantities of .sodium carbonate-ai'senic pentoxide 
and molybdic oxide are heated with water, and th(‘ reaction mixtuix' 
allowed to stand .several wet'ks, sodium ar.si'nomolybdate crystallizes 
out. 

Na2C't)3 ■ AS2O5 “h b^loOs 

Na,>Mo()^-(Mo<)3)3-A.S206-llH20 -f- CO2 


P. Debray, 

A. Henniiigor, Her., 7, 820 (1874) 


11 


1-1610 


Ha3(As()d> 

HNO3 . 

Boil barium aisenatc* for a time with nil lie acid (which may vary in 
concentration). On cooling iUv .solution, crystals of barium nitrat(‘ 
deposit . 

BasfA.sth)-: + (illNO^ 3Ha(XO:i)j + 2ll3A.s()4 
K. Duvillit'r, Ctnnpl. Itcml., 81, 12.)1 (1875) 
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Ba3(AsS4)2 • 6 H 2 O 


m 


M611 


A solution of barium orthothioarsenate will react with a solution of 
potassium chloride. By concentrating and cooling this solution color- 
less crystals of potassium-barium orthothioarsenate are obtained. 


Ba3(AsS4)2‘6H20 + 2 KC] + 8H2O 


-> 2KBaAsS4*6H20 + BaClj + 2H2O 

E. Glatzel, Z. anorg. Chem., 71, 209 (1911) 



AuCls 


(C2H5)3As 


1-1612 


Triethyl arsine reacts with auric chloride, yielding the compound 
shown below. 


(AuCls + (C2H5)3 As (C2H5)3As-AiiC1 + C12) 

Frederick G. Mann and William J. Pope, J. Chem. Soc. (London), 121, 1755 
(1922) 


(C2H6)sAs 

PdCb 1.1613 

friethyl arsine reacts with palladous chloride, yielding the compound 
shown below. 

(2(C2H5)3As + PdCl.^ ((C2H5)3As]2PdCl2) 

Frederick G. Mann and William J. Pope, J. Chem. Soc., 121, 1755 (1922) 48 


(C6H5)3As 

AsBfs M614 

If triphenyl arsine is heated with arsenic tribromide at 300-350® for 
three hours, and the resulting mixture is subjected to fractional distil- 
lation, the main product contained in the fraction 170-205° and in the 
residue is diphenyl aisenic bromide. Bromobenzene and benzene 
distil below 170°. 

(2(C6H5)3As -f AsBra 3(C6H6)2AsBr) 

William J. Pope and Eustace E. Turner, J. Chem. Soc., 117, 1452 (1920) 48 
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AsCU 


(C6H6)3As 


1-1515 


Phenyl araine dichloride is formed when triphenyl arsine is heated 
with an excess of ai-senic trichloride at 250°. 

(CaH5)3As 4- 2AsCl3 SCeHsAsCh 
A. Michaelis and A. Reese, Ber., 16, 2876 (1882) 


(C6H5)3As 


^ M616 

If ai'senic trichloride is slowly added to triphenylarsine at 350°, several 
reactions occur, whose products can be isolated by fractional distillation 
under 12-15 mm. pressure: (a) fraction 120-100° is nearly pure phenyl- 
arsine dichloride; (b) fraction 100-200° is pure diphenylarsine chloride; 
this compound maj^ be formed also by the interaction of phenylarsine 
dichloride and triphenylarsine, (c). 


(a) 

(C6ll5)3As + 2AsCl3 ^ 

3(C6H6)AsCl2 

(l>) 

2(C\H5)3As + AsCh 

3(C6H6)2AsCI 

(c) 

{CdU)AsC% + (C'6H5)3As 

^ 2(C6H5)2As('1 


Wm. J. Pope and Kustace E. Turner, J. Choin. Soc. (London), 117, 1451 (1920) 48 


(C6ll6)3As 


Asia 


M517 


On heating triphenylai'sinc with ai'senic triiodide for six hours in an 
open fia.sk at 350-360° and distilling the resulting ma.ss under dimin- 
ished pressure, practically pure diphenyl ai-sine iodide distils at 204- 
205° at 10 rnin; the yield is less than 50^o, and the reaction does not 
proceed so satisfactorily as in the ca.se of the corresponding bromo- 
derivative. 


William J. 
(1920) 


(2((V.l UlsAs + Asia — * 3(t’6H5)2AsI) 

Pope and Ku.stace K. Turner, J. Chem. Soc. (London), 117, I4">2 


48 
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BiCL 




1-1618 


Triphcnylai’sinc (I mole) is boiled in toluene with bismuth trichloride 
(1 mole) for six hours. Colorless crystals, probably of the double com- 
pound of the arsine and bismuth trichloride, deposit. The crystals 
become yellow in air. A slight odor of a phenylchloroai'sine Ls detected, 
but the .sub.stance cannot be isolated. 


((C6H5)3A.‘^ + BiCb — » (C6H5)3*\s*BiCl3(?)) 

Frederick Clinlloriger and Leslie li. Ridgwav, J. Chein. Soc. (London) 121, 116 

117fl!)22) ' ' 


(C6H5)3As 


CNI 


M619 


Triphenylai'sine, when treated with cyanogen iodide in dry ether, de- 
|)osits a yellow-reddish oil which solidifies gradually. This oil is 
probably either triphenylarsinehydroxy-iodide (a), or triphenylarsine- 
oxyiodide (b). 

I races of nitrogen are tountl in the treshly formed oil, but they disappear 
after about 10 days standing. 

(a) ((C’JDaAs + C'XI + H,() -> ((’J-l 5 ):iAs(()H)I HCN) 

(b) (2(C6H5)3 As + 2(’Xl + Hot) ((CUDaAsIJsO + 2 HCX) 

.John F. Wilkinson and Frederick C’liallenger. J. C’lieni. Soe. (London), 126, 860 

(1024) . ^8 



(C el'DaAs 


M620 


rripheiiyl phosphine is oldained wlu'ii a mixture of triphenyl arsine and 
phosp}u>nis is heated for four hours in an ignition tube at 300®. 


KC'ellOsAs -f- \\ -> KCeHslaP 4“ 4.\s 


Krafft and Xeumann. Her., 34 , 565 (lUOl) 
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TlCl 

■’ 1-1621 
Tiiphonylai-sim- ii. ,l,y otluT i.s t.vatcl witli an cthcroal .solution of 
thallic- chlondc and tlic niixtniv is lolt standing ovcinight. A white 
amorphous precipitate of t halloas chloride is formetl, and ,,henvlarsine 
(lichloritlo is isolafod from U\v laotlu'r li(|nor. 

((CelUaAs + Tie’ll -> (C’r.I! 6 )-AsC’l., + TIC’l + (CV.Il5)2) 

% 

.VrehihaM K. (loddani and D.in.tliy Coddard. ,1. (’ht'm. Soc. ([.ondnn), 121, -ISO 
(1922) , o 


(C el l5)3As 

1-1622 

Wlion triplicnylar.-iiir in dry ether is Ireateil with a iiot etiiereal solution 
ol thallic chloride, tiu' rt'sult in**; mixture consists of triphenvl arsenic 
dichloride, thallous chloride, diphenyl thallium chloride' and phenyl 
dichloroarsine. It cold tliallic chloride is useel, the arsine' is not oxidizc'd. 

-h 2TU'l:, 

— (('.ilUhiAsC'l, + Tlfl -r (C’dl.h/i'K’l + (CV.Il5jAs(’h>) 

Arclnhahl K. (italdard an<l Dtnnthy (iodflanl. .1. (’lie'in. Soc., 121, 4S0 (1922) 


C'lIvVsC'l.. 


HoS 


M623 


Methyl dichloroarsine will n'act with hydrojie'n sulfide yieldinj^ a preeij)- 

itate of methvlarsiiH' sullide'. 

% 

('n,As(’i, + n,s c'livVsS + 2IK'1 

Xaiiu'tkin and Nckrassow, Z. anal. Chi-ni.. 77, 2So (1!)29) ’fi 


(’II.,As() 


HCl 


M624 


Me'thyl arsenine oxide is con\'erte<l to methyl dichloroarsine liy j)assin}i 
hydrogen chloridi' gas thiough its solution, d'lu' temperatun' should 
be about 8')®(’ to pre'X'ent th(' formation of ar.'ienic t richloiide. 

('II,As<) f 21K'l > (’IlaAsCb + H,() 

Iddin^cr and ('ook, i Ind. laij:- (‘la in.. 11, tO.) (1919.) 
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(CH3)2Asa 

H 2 O 1-1626 

O 

The conversion of volatile cacodyl chloride to non-volatile cacodylic 
acid takes place as shown in the following equation. 

{CH3)2AsC1 + H 2 O + 0 (CH3)2AsOOH + HCl 

L. C. Maillard, Bull. Soc. Chim. [IV] 26. 195 (1919) 31 


(CH3)2AsC1 

NaOH M626 

Cacodyl chloride mixed with 10% sodium hydroxide and stirred at fre- 
quent intervals reacts slowly according to the following equation : 

2(CH3)2AsC 1 + 2NaOH 2NaCl + [(CH3)2 As]20 + H 2 O 

L. C. Maillard, Bull. Soc. Chim. [IVj 26. 198 (1919) SI 


C 2 H 3 ASCI 2 

H2S M627 

Ethyl dichloroarsine will react with hydrogen sulfide yielding a precip- 
itate of ethyl arsine sulfide. 

C2H5ASCI2 + H2S ^ CgH^AsS -f 2 HCI 

Nametkin and Nekrassow, Z. anal. Chem., 77 , 285 (1929) 28 


C 2 H 5 ASI 2 

NajCOs M628 

If ethyldiiodoarsinc (dissolved in benzene) is mixed with calcium 
chloride and anhj^drous sodium carbonate, and the mixture heated 
until the yellow color disappears, ethylarsine oxide will be formed after 
the benzene is distilled off. 

(C2H5AS • I2 " 1 “ Na2C03 — > C2H5ASC + 2 NaI -|- C’02) 

Alex. McKenzie and John K. Wood, J. Chem. Soc. (London), 117, 408 (1920 4^ 
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HCl 


Cills* As( ) 


1 lace 100 grams ot othylai-siiK' oxide in a soparatoiy funnel, add 25 cc 

of concentrated hydrochloric acid and surround the funnel with cold 

water; then pass a current of hydrogen chloride through the oil for about 

three houm. Dry the oil, and the fraction distilling between 150°~155° 
will be ethyl dichloroarsine. 

('sHsAsO + 2IIC1 -> C-iHsAsCli + H 2 O 

Alex. McKenzie Jind John K. Wood, J. Chem. Soc. (London), H7, 408 (1920) 


M629 


48 


HoO 


(C2H5)3As04 


M630 


Water decomposes triethyl ai-senate into arsenic acid and ethyl alcohol. 

(C2H5)3As()4 + -MIA) n.vVs(), + . 3 C.H 5 OH 


Crafts, 

Ref.: Ch. Friedel, Her,, 3, 620 (1870) 


NH3 


(C2H5)3As( ).i 


M631 


Dry ammonia r(*acts with triethvl 

aisenite and ethvl alcohol. 

% 


arsenate to form di(*thvl 


amino 


(C’ 2 H 6 ) 3 As 04 -f- IIXH 2 — * (C’2ll5)2NH2As()3 + C’ 2 H 60 lI 


Crafts, 

Hcf.: Ch. Friedel, Her., 3, 620 (1870) // 


(('6lh)2AsC’l 


CsH^ONa 


M632 


If an alcoholic solution of diplicnylchloroarsine Ls treated with alcoliolic 
sodium etho\id(‘, the corresponding diphenylethoxyarsinc is formed 
together with sodium cliloride. After heating for one hour on the 
water ))ath. sodium chloride ami the e.xcess alcohol can be removed, 
leaving the reaction product in th(‘ form of a viscid oil which solidifies 
partly at room temjx'rature. 

(CGH5)2Asn 4- ejUONa {CdhhM ■ OCtlh + NaCl 

Alex. McKenzie and John K. Wood, J. Chcin. Soc. (London), 117, IK) (1920) 


48 


380 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


(C6H5)2AsCI 

KOH M633 

If an aqueous-alcoholic solution of potassium hydroxide is added to an 
alcoholic solution of diphenylareine chloride and the mixture is boiled 
for an hour, a quantitative yield of pure diphenylai-senious oxide will 
be obtained. The oxide, after extraction with chloroform and diying, 
is a ciystalline solid. 

(2(C,llshMC\ + 2KOH ^ [(C6H5)2As]20 + 2KC1 + H.O) 

Willinin J. Pope and Eustace E. Turner, J. Chem. Soc. (London), 117, 1451 (1920) 48 


(CfiH5)2AsCl 

NaOH 

HCN 


M634 


Diphenylchloroai’sine may be converted into diphenyl arsenious oxide 
by the action of sodium hydroxide, (a). If a current of hydrogen 
cyanide is passed through molten diphenylarsenious oxide, diphenyl 
arsine cyanide is obtained, (I)). This compound Is so sensitive to alkali, 
that it can be reconverted into the oxid(* l>v the catalvtic action of the 

^ 4 

alkali of the glass vessel. 


(a) 2((\]hh\sC\ + 2Xa()H 


H.>() + (C’6lIs)->As-().As((’6ri5)2 + 2 NaC’l 


fb) (C’6H5)2 As.O-As(C6H5)2 + 2HC’X 


2(C’6H5)2AsCX + H 2 O 


McKenzie and John K. Wood, J. Chem. Soc. (London) 117, 411 (1920) 


48 


(’sIIsAsCb 


C.HsONa 


1-1635 


If 4.0 gr. of sodium are dissolved in 1(K) cc. of ethyl alcoliol, and to the 

solution 44.0 gr. of phenyldichloroarsine are gradually added, phenyl 

ethoxvchloroarsine will be formed. The vield, after removal of the 
^ • 

alcohol and the .sodium chloride, is 8()^( . 

(’dLAsCb + CJIsOXa C’elLAsC’l-OCTL + XaCI 

.Vlex. McKenzie and John K. Wood. J. Chem. Soc., 117, 410 (1020) 


45 
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C$HsAsCl2 


M636 


Plionyl dichloroai'sine will react with hydrogen sulfide yielding a pre 
cipitate of phenyl ai'sine sulfide. 


CeHaAsClo -f H 2 S -> CdhAsS + 2HC1 

Nametkin and Nckrassow, Z. anal. Clicm. 77, 285 (1929) 



CfiHsAsCl. 

Hg(C6H5)2 1-1637 

Diphenyl ai'sine chloride is obtained when monophenyl arsenic chloride 
is treated with diphenyl mcicury. 

2C6H!iAsCn.> -f Hg(C6H5)2 ^ 2{CelU).MC[ + HgCI. 

Michaelis ami Link, Ann. 207, 1% (18S1) 25 


HBr 


[(C6lU)2As]20 


M638 


On heating diphenyl arsine oxide at 100° with hydrolnoinic acid in a 
sealed tube and allowing to cool, diphenyl arsine bromide separates 
as a colorless, ciystalline solid. 

(l(C6ll5)2As]..() + 21 ! Hr -> 2(CoIU)2AsBr + U, 0 ) 

William J. Pope and Eustace E. Turner, .1. Clicm. Soc. (I.orulon), 117, 1452 (1920) 48 


HI 


(((V.H5)2As]4) 


1-1639 


If diphenj’l arsine* oxide* is heateel with fuming hydriodic acid for two 
henu'S in a seale*el tube* at 100° and the mixture is allowed to ce>ol, crude 
eliphenyl arsine* ioeliele* .^edielilie's; upon crystallization from benzene, 
this product is e)btained in form e)f yelle)w crystalline scales melting 
at 15-40^. 

( l(CiiI I5 )l>As ]l>( ) 4" -HI ^ 2(('gIU)2AsI + H 2 O) 

William J. Pope and l iustaee E. Turner. .1 . C’lu-in. Soc., 117 ,1452 (1920) 
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(CHC1:CH),A.< 


^ M640 

When pure trichlorovinylarsine is heated with arsenic trichloride at 
200-220®, the resulting mixture will consist of unchanged ai-senic tri- 
chloride and trichlorovinylarsine, (a) /3-chlorovinyldichloroarsine, and 
(b) /3^'-dichlorodivinylchloroarsine. The proportions of the various 
compounds in the mixture depend on the proportions of the starting 
materials and the temperature. 

(a) (CHCl : CH)3As + 2AsCl3 ^ 3CHCI : CH • AsCl2 

(b) 2(CHC1 : CH)3 .\s + .\sCl3 ^ 3(CHCl;CH)2AsCl 

S. J. Green and T. L. Price, J. Chem. Soc. (London), 119, 453 (1921) ^8 



(CHCl : CH)3 As 


M541 


l3/3')3''-trichlorotrivinylarsenic dibromide separates in colorless needles 
when ^^'/3^^-trichlorotrivinyIarsine is cautiously treated in a freezing 
mixture \\ith bromine, both in light petroleum solution, (a). Upon 
addition of silver nitrate to the solution, silver bromide precipitates 
quantitative!}', (b). 


(a) ((CHCl : CIU^As + Brs ^ (CHCl : CH)3AsBr2) 

(b) ((CHCl;CH)3AsBr2 + 2 AgX 03 

-> (CHCI:CH)3As(NQ 3)2 + 2AgBr) 

Frederick G. Mann and Wm. J. Pope, J. Chein. Soc. (London), 121, 1757 (1922) 


(CHC1:CH)3As 


CHJ 


M642 


On heating /3/3'/3"-trichIorotnvinylarsine with an equivalent portion 
of methyliodide at 100® in a sealed tube, needle-shaped crystals of 
/3/3'/3''-trichlorotrivinylmcthylarsonium iodide are obtained, (a). Upon 
acidifying a solution of this iodide and adding silver nitrate in the cold, 
a quantitative precipitate of sUver iodide Ls obtained, (b). 

(a) ((CHC1:CH)3 As + CU,l (CHC\:Cn),MClWl) 

(b) ((CH(’1:CH)3As(CH 3)I + AgN03 

+ (CHC1:CH)3As(CH3)N03) 

Frederick G. Mann and William J. Pope, J. Chem. Soc. (London), 121, 1758 (1922) 4 ^ 
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HNO 


(CHC1:CH)3As 


1-1643 


On wai-niing ^^'^--triohlorotrivinylarsino witli an equal volume of 
eoneentratcd nitne acid, a mass of colorless crystals of /3)3'/i”-tnchloro- 
tnviiiylhydmxyai-soniurn nitrati' is obtained 


((CHCniCIOcAs + 211X0; 


(('H('1;C’II)3As(OH)N03 + NO + lUO) 


iTcdcrick (i. Maiui aiul William J. Popo, ,1. Chem. Soo. ( boiuloti), 121, 1757 (1922) 48 


HoPtCl, 


(C’llC’hC’lDsAs 


1-1644 


When a dilute alcoholic solution of cliloroplatinic acid is added to an 
alcoholic solution of /3/3'^''-trichlorotrivinylarsine, long pale yellow- 
needles ot platinum /3-chlorovinyl /3/3')3''-trichlorotrivinylarsine arc' 
obtained. If these crystals are recrystallized from dry ether in presence 
of excess arsine, a still more complicated platinie complex is obtained. 

(8(ClI(’l;(’n)3As + Sll.PtOh 

l(CIK’l:(']I)3Asj,l't((’n(’l:(’II), + ((K'l, + (IIICI) 

Prcderick (1. Mann and William J. Poj>c, J. {'hem. Six-, (kuiidoii), 121, 175S 
( 1022 ) 


(CII(1:(’I1)3As 


KAuCb 


1-1646 


On adding an alcoliolic solutajn of i)ota.s<ium aui-ichloride to a cooled al- 
coholic .*<011111011 of trich|orotri\inylarsin(\ small heavy whit(‘ crystals 
of /3/3'/3"-t richlorotri\-inyIarsiiie-aurichloride an' slow ly (leposi(('(l. The 
crystals tui-n purplish-gray on ('xposurc^ to light. 

((CHC’l:t'n)3.\s + KAuC’b--> (C'lK'l : OI^aAs ■ AuC'l + K('l -f (’1,) 

Predcrick (1. Mann and William J. Pope, J. C'liem. 8oc. (London), 121, 17')9 
( 1022 ) 
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(CHC1:CH)3As 

PdCls M646 

An alcoholic solution of palladous chloride is added to a cool alcoholic 
solution of /3/3'i3''-trichlorotrivinylarsine; long yellowEh-l>rown needles 
of /3/3'ii3'^-trichlorotrivinylarsine-palIadichIoride begin to form within a 
few seconds. The formation of this compound furnEhos a ready means 
for the detection of the tertiarv arsine. 


(2(CHC1:CH)3As + PdC’b ^ [ (CHC l:C H)3As ] 2-PdCl2) 
Frederick G. Mann and William J. Foi)e, .J. Chcm. Soc., 121, 1759 (1922) 





CoHjClAsClo 


M647 


/S-chlorovin}'! dichloroarsine will react with 
a precipitate of jS-chlorovinyl arsine sultide. 


hydrogen sultide yielding 


ColLClAsCU + 



+ 2nci 


Namctkin and Nekraj^sow, Z. anal. Cliom. 77, 2N5 (1929) 



( Cn5((d l3)2As 


ASI: 


1-1648 


(>n mixing boiling chlorofoi-m solutions of molecular proportions of 
phenyldimethylarsine and of ar.M'iiie triiodid(‘, an addition compound 
separates out in form of orange leaflets melting at 153°. 

(Cr,H 5 (CH. 3 )-..As + AsT 3-> (V.IL(CIL)oAs-Asl3) 

George J. Burrows and Eu.'jta<'e K. Turner, J. C'liein. Soc. (London), 119, 1T19 
(1921) 


CrlLlC'lids.Vs 


BQ 


3 


M649 


M’heii an alcoholic solution containing bLmutli iodide and pheiiyldi- 
methylarsinc in molecular ])roportions is boiled for a few minutes, 
vermilion crystals of the addition <-ompound shown below are fonned. 

(CoU,(ClhhAs + hih^CJh(CIhhAs-Bih) 

George J. Burrows and kaistace V.. Tuiihu*, .J. Chem. Soe. (London), 119,11-19 
(1921) 
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PI 


C6H6(CH3)2As 


^y.en phcnyldmicthylai-sino (1 niolo) is added to a solution of phos- 
phorus trnod.de 1 mole) in carbon disullido, heat Ls evolved and orange 
piisms of an addition compound separate. The yield is ciuantitative. 

(C6H6(C’Il3)2As + C6H5(CH3)2As-Pl3) 

George J. Burrows and K. K. Turner. J. Chom. Sno. (Londo,^119, 1-149 (1921) 


M 660 


48 


CdUiVlh),\^ 

1-1661 

Antmiony triioiiido is dissolved ii» hoilitijr heiizeiu', anil the solution 
treated with a molecular quantity of phenyldiniethylai-sine dissolved in 
the same solvent. Orange crystals of an addition compound of the fomi 
shown below are formed. 

{CtlhiC'JhhA^ + SI>l3 ^C’clUCOiyoAs-Sbla) 


George J. Burrows and K. K. Turner, J. C’lioin. Soe. (Loiulon), 119, 1449 (1921) 


48 


C,\UVlU),\s 

1-1662 

When the appropriate iiuantities of stannic iodidi* and plienyldi- 
methyai-sine are brought together in carbon disulHde solution, clioco- 
late colored leaflets of the addition compound, shown below, .M‘j)arate. 

(2C'6H5(C’H3)...Vs + Snl4 - (C’6H5(C’Il3)2As)^nl4) 

0. J. Burrows and K. 10. Turner, .1. C'liein. Soe. (London), 119, 1449 (1921) 48 


('II(’l:(’IIAs('l 


HNO 


1-1663 


^-C’hloro-vinyl-dichloroarsine is vigorously oxidized when warmed with 
an equal volume of concentrati'd nitric acid; the oxidation .sets in spon- 
taneously in the cold and tin* resulting solution, when chilled and 
scratched, deposits -d-chloio-vinylarsenic aciil as a mass of colorless 
crystals. 

((CHCl:CTI)-AsC’lo + 2HX()3 + 11,0 

- '2X0., + (('n('l:CH)-AsO(OH )2 + 211(1) 

Frederick G. Mann and W . .1. I’«ipe. .1. (’heiii. Soe. (London), 121, 17o.') (11(22) 
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(GHCl:CH).AsCl2 

H2S M 664 

On treating / 3 -c‘hloro\ inylarsine dichloride in carbon tetrachloride so- 
lution with hydrogen sulfide, hydrogen chloride is evolved and a 
viscous liquid deposits; the latter, after purification and strong cooling, 
solidifies to a hard resin which is / 3 -chlorovinylarsine sulfide. 

((CHC 1 :CH) AsCL + H2S = (CIK'lrCH) AsS + 2 HC 1 ) 

Frederick G. Mann and W. J. Pope, J. Chem. Soc., (London), 121, 1756 (1922) /i8 


(CIKECTO-AsCIo 


NaOH 


M566 


When ^i-chluroviuyl arsine dichloride is treated with a cold dilute solu- 
tion of sodium hydroxide (or potassium carbonate), ai'senious acid and 
acetvleiK' are obtained. 

((CHCl:C’H)-AsCl2 + 3 Xa()ll -> ('IliCTI + H3ASO3 + 3 NaCl) 

Frederick CL Mann and Win. J. Pope. J. C’licin. Soc. (London), 121, 1756 (1922) 4^ 


CIKEC'IIA.sC’l., 


NaOH 


M656 


^^'hen a dilute solution of e<dd sodimn hydroxide is added to a solution 
of / 3 -chloro-vinyl-dichloro-arsine. a vigorous reaction sets in and acety- 
lene is evolved with brisk effervescence. The same type reaction occui's 
with other alkali hydroxides. 

(2ClICI:C’HAsCl2 + GXaOH 

2 C'H:CH + (AS2O3) + (6NaCl + 3H2O)) 

Stanley J. Green and Thomas S. Price. .1. C'heni. Sue. (London), 119,451 (1021) 


48 


(CHC'l:CH),.AsCl 


HNO 


3 


M667 


jd/3'-l)iehlor(Hlivinyl-chloroarsine is oxidized ])y the action of nitric 
acid to /i/ 3 '-dichlorodivinylarsenic acid nitrate, (a) and (b). This 
product is first obtained in the form of a solid mas.s which, upon rc- 
crystallization from chloroform yields colorless ne(‘dle-shaped ciystals. 

(a) ((CHCl:CH).. AsCl + 2IINO3 

-> (CHCl:C'll),-.\st) UH + 2X02 + HCl) 

(b) ((CnCIA’II}2As()-()ir + 1IX(.)3 — (CHCl:Cri)2AsO- OH -11x03) 

Frederick G. Mann and W. .L Pope, J. Cliein. Soe, iLondon), 121, 1756 (1922) 4^ 
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ns 


(cmv.cm,\sBv. 


M658 


Hy.lrogon .sulficlo act. on /3^V''-t.iol.lon.trivinyla.sonk. dibromido in 
ohlorotonn solution with eiolution of liyd.ogon bromide, d.-position 
Ot sulfur and formation of ^/^'^''driclilorotrivinylarsine. 

(CHCliCIDsAsBr.. + H^S ^ ((’IK’lA'IDaAs + 2IIBr + 8 

Frederick G. Mnnn nn.l Willituu .1. lN>,>c. (’hen.. S.m-., 121. 1757 (1922) 


4^ 


NaOH 


((’HChcnW^^Br, 


M659 


On hydrolyzing- /5/^'/^"-tri(•lll(.^,tri^■inylars^-ni,■ dibromido with tlie cah 

extracting the clear solution 
with chloroform, the correspcmding /^d'^::l"-trichlorotrivinyl arsenic 
oxide IS obtained after (waporat iiig (he cliloroform solution. 

((( IK iK’IDgAsBr.j + 2 XaOn -• (( ’I l( ' 1 : ( ’I!):{As( ) + IhO -f 2 XaBr) 

I'UMlcrick (i. Munn :m<t \\illi;uu .1, I’ope, .1. ('hem. Sne., 121, 1757 (1922) 


48 


HCN 


((Vdlol^As (K’oII, 


1-1660 


If dipliiMiybethoxyarsine is heated in a current of dry livtlrogi'ii ej'anide 
for tliree liours at I 10°, diphenyl-cyanoarsine will be formed together 
with ethyl alcohol. 

(C6ll5)2A.s-OC'oII, + IK’X -> (C’elKhiAs-C'X + C2H5OII 

Alex. McKenzie and Jolin K. \Voo<l. .1. ('Iietn. Soe., 117, 110 (1920) 


48 


Cdl, 


C’oH6(C’If3)3AsI 


M661 


\\ hen cadmium iodide an<l phenyltrimethylarsonium 
mixed in acpieous solution, a (iuantitati\-c white cry.stallinc 
ot pluMivltrimet hylarsonimn ca<lmiuin iodi<l<‘ sejiarates. 


iodide an* 
precipitate 


{ 2 ('cIU((’Il 3 ) 3 AsI + (MI. > K'oIIolCdlMaAsjo.CdB 


George J. Burrows and !•.. 'i’nriicr, .1. (’hem. Soc. (bondon' 119, I (19 

( 1021 ) ’ 
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(C2H5)2NH2As03 

H 2 O M662 

Water reacts with diethyl amino arsenite to form diethyl ammonium 
arsenate. 

(C2H5)2NH2As03 + H 2 O (C2H5)2NH4As04 

Crafts, 

Ref.: Ch. Friedel, Ber., 3, 621 (1870) 11 


C6H6(CH3)2C2H5AsI 

Hgl2 M663 

When mercuric iodide and phenyidimethylethylarsonium iodide are 
brought together in aqueous acetone, pale yellow prisms of phenyidi- 
methylethylarsonium mercuric iodide are deposited. 

(C6H5(CH3)2C2H5AsI + HgL -> C6H5(CH3)2C2H5AS-Hgl3) 

George J. Burrows and E. E. Turner, J. Chem. Soc. (London), 119, 1450 (1921) 4S 


C,U,(CE,hC2E,Asl 

PbL 1-1664 

When phenyldimethyl-ethylarsonium iodide and lead iodide are brought 
together in aqueous acetone, pale yellow prisms of phenyldimethyl- 
ethylarsonium plumbic iodide separate. 

(C6H/CH3)2C2H5.AsI + PbL ^ C6H5(CH3)2C2H6As-Pbl3) 

George J. Burrows and Eustace E. Turner, J. Chem. Soc., (London) 119, 1450 
(1921) 4^ 


P-CHOC6H4ASO3H2 

C(CH20H)4 M666 

Benzaldehyde-p-arscnic acid (19.g) is dissolved at 100° in 53 ml. of 
30% sulfuric acid containing 5.7 g. of pentaerythritol. The mixture 
is heated for 30 minutes, cooled, and the crystals which separate are 
dissolved in sodium hydroxide solution and decolorized with charcoal. 
From the filtered solution f//-spiro-bis-3,5-dioxane-4,4'-di(phenyl-p- 
arsonic acid) is precipitated with hydrochloric acid. The compound 
may be optically resolved with nonnal-d-pseudoephedrine. 

2(CH0C6H4As03H2) + C(CH20H)4 

-> C7Hio04-2C6H4As03H2 + 2H2O 
C. S. Gibson and B. Levin, Proc. Roy. Soc., (London) 141A, 494 (1933) 
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NH4OH 

Ou evaporating 
ai-senic acid, the 
six sided plates 


(CHC1:CH)A.sO(()H)2 

M666 

an ammoniacal aqueous solution of / 3 -cliloro-\in 3 l- 
corresponding ammonium salt is deposited in form of 
or long needles. 


((CHC1:CH).AsO(OH)2 + NH 4 OH 


(CHC1:CH)-AsO(OH)ONH 4 + IIoO) 


^922)'^ William J. Pope, J. Chc.n. Soc.. (London) 121. 1755 


48 


(CHC1:CH)-AsO(OH)2 

M667 

When ^-chloro-vinylarsenic acid is heated in a vacuum at 110-115°, 
it loses one molecular proportion of water, giving the corresponding an- 
hydride, namely /3-chloro-vinylarsenic oxide, in form of a fine, white, 
hygroscopic powder. 


((CHCl:CH)-As()(OH).>^ (CHCl :CH) -A.sO. -f H.O) 

I'rcderick G. Mann an<l William .1. Pope, .J. Chem. Soc,, (London) 121 1755 
(1922) 


48 


(CHCl:Cn) 2 AsOOII 

^ 1-1668 

On evaporating an atpieous solution of /^i3'-dichloro-diviny)-arscnic acid 
with the equivalent quantity of potassium (or .sodium) hydroxide, tin; 
corresponding pota.ssium (or .sodium) salt crystallizes out in tetra- 
hydrated colorless plates, (a). When kept in vacuo over phosphoric 
oxide for several days, the salt is dehydrated and the anhydrous white*, 
hygroscopic salt is obtained. 

(a) ((ClICl:CII) 2 .\s() OH + KOII + 811.0 


(Cl ICl : C'l O.Asl ) • OK • 4 1 1..( )) 
(b) ((CH(4:CH),.AsO-OK-4lL(')-> (('HCl :CII)..A.sO-OK + 4H.,0) 

Frederick G. .Mann and William J. Pope, J. Cliem. Soc., (London) 121, 
(1922) 
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(CHC!:CH)3As(0H)N03 

NaOH M669 

When an aqueous solution of iS)3'|8"-trichloro-trivinyl-hydi’oxy-arsonium 
nitrate is treated with an equivalent amount of caustic soda, the solu- 
tion extracted with chloroform and crystallized, j0/3')3"-trichloro-trivinyl- 
arsenic oxide separates in long colorless needles or in small plates. 

((CHC1 :CH)j.\s( 0H)N03 + NaOH 

^ (CHC’1:CH)3AsO + H.O + NaNOa) 

Frederick G. Mann and William J. Pope, J. Chem. Soe., (London) 121, 1757 
(1922) 48 


A 


(CHCl : CH). • AsO ■ OH • IINO3 


M570 


On extracting an a(iueous solution of dl^'-dichloro-divinyl-arsenic acid 
nitrate with chloroform and evaporating the extract, the nitric acid 
is driven off and the free iSj^'-dichloro-divinyl-arsenic acid remains as a 
crystalline mass. 

((CHC1:CHL>As() ()H HX ()3 -> (CIK'LCIO.AsOOH + HNO3) 

Frederick O. Mann and William J. pDpe, J. Clicm. Soc., (London) 121, 1756 
(1922) 


48 


(CFDA' . Cr.I I 4 X 2 ‘ C’gH.,As(J 3H2 

Zr(N03)4 

Zirconium nitrate reacts with ])ara-(limethyl aminoazophenylarsenic 
acid, yielding a brown precipitate. 

2(CH3)«N-C6H4No.CfiH4.Vs03lL + Zr(X()3)4 + 2HC1 

^ [(CH3)2N CGH4X2 (6H4As03 HCl)a Zr -h 4 HNO 3 
F. Feigl, P. Krumholz and E. Rajmaun, Mikrocliem., 9, 396 (1931) 


M671 


38 


Na2S203 


Ca3(As(\)2 


M672 


A precipitate of calcium moiiothioarsenate is formed when calcium 
aisenitc is treated with sodium thiosulfate. 


3Ca3(--Vs03)2 0Xa‘>t^2O3 — > 4Xa3As03S -{- Ca3(As03S)2 -h GCaSOs 

II. Wcinland and A. Gutmami: Z. anorg. Cliem. 17, 409 (1898) 



AKSKXK’ 


yoi 

JJ Q (uaCAsOAs 

.p . , . 1-1573 

jak.um, a.«.,.ato hycholyzo.s wi,|. .vat.a- for.ning ..al.-iun, hvcl,oxi,lo 
and calcium hydrogen ai-sonate. 

C'a3(As(h)o + 2PI()H 2( allAsO^ + C’a(()II).. 

Koody and Ilann. .J. Iiul. Knp. C’hoin. 13, 10.3!) (U)21) 

( a3(As< 

xi*>0 

1-1674 

A ha.sic calcium arsenate is formed ulu-ii tricalcium arsenate hydrolyze.s. 
10(’a3(As().,)-. + till-d) -> ;3((('a;,(As<),)-.).Tra(()IT),>) + 2Tr3As04 

lartar. Wood and Ilincr, ,1. Ani, C’licni. Soc. 46, Sll (l!)2()t / 


K.F 


(’a.,(As()4), 

M676 

( alcium fiuoarseiiate i.s lormed wlien om* part of calcium ais('nate. 
three parts ol potassium lluoride and a large exc('ss of potassium chIoi-id(‘ 
an* lieafed in a platinum ci'ucihle. 

K a3(As()d-j + ,3K-d'\- ' t>( ’a-d’ Ast >4 + (2K:,As()4) 

A. Dittc: C'ompl, rend. 99, ‘107 
Itof., Her. 18, ! fl.sSo) 


NH40H 


C'aatAsOA, 

1-1676 

('alcium ammonium aisenate precipitates wlien a solution of calcium 
01X011010 is treated with ammonium hydroxide. 


( a;((A>( td:; + ‘2XH]()II ’ 2( 'aX 11 lA.'^t ).i ( ( 'a(( )1 1 J-..) 

i'ailar, \\’(M»d ;itid Miner. .J . .\in Cliein S«)c . 46, sin (PIJ}) 


AgNO, 


(a^MlilldA.'^t )4)3-n-j() 

1-1677 

vSilver arsenate i> foiined wlien >ii\cr tuti-ate icacts with calcium am- 
monium dihvihoaen arsenate. 


C‘a;,XlI.,lI.(.\>(),)j dlI:0 t iiAgXn, 


► t 211X0., -t Xll.Xo,, ;U'a(X()3), f :Ml..o 


Blo.vain, ('lu-m. .Xc-w.-;, 64. ICiS '|ssn 
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CdjAssOs • 2H2O 

HCl M678 

Cadmium arsenate is completely converted into cadmium chloride 
when allowed to react with hydrogen chloride at 150 °. 

CdaAssOs ^HzO + 6 HC 1 SCdCh + (2H3ASO4 + 2H2O) 

J. B. Moyer, J. Am. Chem. Soc., 18, 1040 (1896) 1 


ClAsNH 

H 2 O M679 

Arsenious acid and ammonium chloride are obtained when chloroar- 
scnimide is treated with boiling water. 

2 ClAsNH + 6 HOH ^ 2H3ASO3 + 2NH4CI 

Pasteur, J. de Pharm. et de Chim, XIII, 395 

Ref., Ann., 68. 307 (1848) ^6 

% 


C 03 (As 03)2 

H 2 M680 

Cobalt areenide is formed when cobalt arsenite is reduced by hydrogen 
at 900 °C. 

C03(As03)2 6H2 — > C03ALS2 H" 6H2O 

t 

Duccllicz: Compt. Rend. 147, 424 (1908) 

Ref., E. Horton: J. Chem. Soc. 94, 853 (1908) 



C 03 (As 04)2 


M681 


Tricobalt diarsenide is formed when cobalt arsenate is reduced with 
hydrogen at 900 °C, 

C03(As04)2 H“ 8H2 — > C03AS2 “h (8H2O) 


Ducclliez, Compt. rend., 147, 424 (1908) 
Ref., .J. Chem. Soc. (London), 94, 853 (1908) 



C03(As04)2 • 8 H 2 O 


M682 


When cobalt ai'senate octahydrate (or cobalt arsenite monohydrate) 
is reduced by hydrogen at 900 °, the lowest cobalt arsenide is formed. 

(a) Co3(As04)2'8H20 H- SIL — * C03AS2 + (16 H2O) 

(b) Co3(As03)2'H2(-) 4 " 6H2 C03AS2 -|- (7H2O) 

F. Duccllicz, Compt. rend., 147, 425 (1908) 



HCl 
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1-1583 


Cobalt alienate is readUy attacked by hydrogen chloride in the cold 
yielding the pink chloride of cobalt. 

CoaCAsOila -SHaO + GHCl -> SCoCb + (2H3ASO4 + 8H2O) 

J. B. Moyer, J. Am. Chem. Soc., 18, 1042 (1896) j 

KOH Cu^As^Oe 

„ 1-1684 

Cuprous oxide precipitates when the dark blue solution obtained 

when copper pyroarsenite dissoh-es in potassium liydroxide is warmed 
2 CuoAso 06 + GKOH -» 2CuoO + 2K3As()4 + As,0., + 3H,0 

Heichard: Ber. 27, 1019 (1894) 

C-U3(As03)2 

KOH ^ 

1-1686 

Copper orthoareenite is soluble in potassium hydroxide but after a 
time it decomposes. 

2Cu3(As 03)2 + 12KOII — »■ KjAsOs + 3K3As()4 -f SCuuO + (ilbO 

A. Reynoso, C’ompt. Rend. 31, 69 (1850) ^0 

C:u3(As(J4)2 

NH 4 OH 1-1686 

When a solution of cupric orthoarsenate in ammonium liydroxide to 
which a little alcohol has been added is allowed to evaporate in air, 

blue crystals of tetrahydrated cupric arsenate triammoniate are de- 
posited. 

CuaOVsOds + 3X114011 -> Cu3(As04)2 (XIl3)3 H- SHoO 

Girard, Compt. Rend., 36, 794 (1853) ^9 

C'U3(AsS4)2 

CUSO 4 1-1687 

Black cupric sulfide is obtained along with monothioarsenic a< id wln-n 
cupric thioarsenate is heated with a .solution of copp(*r sulfate. 

Cu 3 (A.sS 4)2 -f- CUSO4 + 4H,.0 

> 4C uS + 2 H 3 A.SO 3 S -f“ (Il-jSjOo + S) 


K. Preis, Ann., 267, 201 (1890) 
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M6d8 


A sublimate of sulfur and arsenic sulfide is formed along with a dark 
green crystalline mass of cuprous arsenate when cupric thioarsenate is 
heated in the absence of air. 


2C U3(AsS4)2 — ^ 2 CU 3 ASS 4 4" AS2^3 “f" 


Preis, Ann., 267, 201 (1890) 



CU4AS2O7 

KOH 1-1689 

C’uprous oxide separates quantitatively when cuprous pyroarsenate is 
dh:.sol\*ed in potassium hydroxide at ordinary temperature. 

CuiAsoOy + 6KOH 2C\i20 + 2K,.\s04 + 3H2O 

Keichiird: Her., 31, 2163 (1898) 



CU3(As04)2(NIl3)3-4H20 


M690 


Tetrahydrated cupric arsenate trianimoniate loses water and ammonia 
when heated to 300°. At red heat in a glass tube its decomposition 
Ls complete and the components react with one another. The arsenic 
pentoxide is reduced to arsenic trioxide by the hydrogen of the am- 
monia. 

(a) C’u 3 (As 04)2(N FD.i • 4 M-jt ) * dXII.t 4- Ilbt) 4“ t u,i(.As04)2 

(b) • f U3(.Vs( — > -Vsot h L 3C u( ) 

(c) 3As2t L INII.i — > 3As->t)3 4“ 0ir>t) 4“ 2 X '2 
A. J):im(mr, Coinpt. Rond.. 21, 1423 ll.Sd.'o 


29 


F(*AsS 


S*Cl> 


M691 


Arsenoj>yrit(“ is completely decompo.<('d l)y sulfur monochloride when 
a mixture is heated in a .sealed tube at 139'' in an atmosphere of carbon 
dioxide. 

I'VAsS 4" 3S-4’lj — » I'eC'b 4“ AsCL 4" 

E. K. Sinitli. J. Am. Cheni. Soo.. 20, 2H9 (1S9S) 



AgNOa 

NH 4 OH 


AUSMXK 


JIoAs. 




M692 


Solid arsenic hydride, is oxidized to ammonium arsenate by a diluted 
solution of silver nitrate in the presence of ammonium hydroxide. 

HjAs, + 12.\kX()., + ISNIhOII 

^ 2(XIId3A.s(), + mK + lOIIdt + ]2.\lhX()3 
H. Itei-klclK.a a.Kl .J. .Scl.oihcr. Z. Cla.m., 70. 2.5.5 (1011) 


AgNO 


UsAs 


M693 


lion arsnio and a noutral .solution of silver nitrate are brought together 
the reaction proceeds as siiown in (a) and (b) while the silver arsenide 
funned naicts slowly with the silver nitrate as shown in (e). 

(a) JI.jAs + ()AgN(>., + ;^IIo() lIsAstb -f- (lAg + (lIIXOj 

IlaAs + 3AgX(b AgsAs -h 3IIX'(b 

(c) AgaAs + 3AgX(),3 + ^ IbtAsO;, + (iAg + 3I1X(>;, 

Hocklchon, hoc-keiiiann ami I-a-kanlt. Z. anal. Clifin.. 46. (i7l (I')07j 


II 3 AS 


AgNOa 

HgNO., 


M694 


An amorphous |)ieeipil at e of black colored sil\ ei' arsenide is obtained In- 
the r('action of arsine with <iiluted sil\-er nitrate solution, d'he same 
ty])e reaction occurs witii a solution of mereiu-oiis nitrate yielding mei- 
eiu-ous ai'senide of black cnlor. 


dO 


; 5 .Vg.\(b • .Vg.,A.- k dllXO. 


II:, .\s t diigXt)., . iig,.\s I :^iix() 


A. liriikl, /. anot'K CIm iii 131. 
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HjAs 

AgNOa M696 

NH3 

When arsine and a diluted solution of silver nitrate are brought to- 
gether in the presence of ammonia, the reaction proceeds as follows: 

(a) HjAs + 3(AgNH3)N03 ^ AgaAs + 3NH4NO3 

(b) AgaAs + 3(AgNH3)N03 + NH4OH + H2O 

-> NH 4 ASO 2 + 6Ag + 3 NH 4 NO 3 

(c) NH4ASO2 + 2(AgNH3)N03 + 2NH4OH 

(NH4)3As04 + 2Ag + 2NH4NO3 

Reckleben, Lockemann and Eckardt, Z. anal. Chem., 46 , 671 (1907) S8 


HaAs 

BiCla M696 

CdS04 

Pb(C2H302)2 

An amorphous precipitate of black color is obtained by the reaction of 
arsine with bismuth trichloride in the presence of ammonium hydroxide. 

The same type reaction occurs with cadmium sulfate and lead acetate, 
yielding cadmium arsenide and lead arsenide, also black products. 

(a) HsAs + Bids + 3NH4OH mM + 3NH4CI + 3H2O 

(b) 2H3AS + 3CdS04 + 6NH4OH ^ Cd3As2 + 3(NH4)2S04 + 6H2O 

(C) 2H3AS + 3 Pb(C 2 H 302)2 + 6NH4OH 

^ Pb3As2 + 6NH4C2H3O2 + 6H2O 


A. brukl, Z. anorg. Chem., 131, 236 (1923) 

28 

H 3 AS 

FeCls 

M 697 


NiCL 

NH4OH 

Arsine will react with ferrous chloride in alcoholic solution in presence 
of ammonia. Iron ai-senide is obtained. The same type reaction 
occurs with nickelous chloride. 

(a) 2H3AS + SFeCL + 6NH4OH — > Fe5As2 + 6NH4CI -f- 6H2O 

(b) 2H3AS + SNiCL + 6NH4OH ^ Ni3As2 + 6NH4CI + 6H2O 
A. Brukl, Z. anorg. Chem., 131, 236 (1923) 
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NaAuCLi 

KCuClo 


HjAs 


1-1598 


An amorplious precipitate of black color, gold arsenide, is obtained by 
the reaction of a.^me with sodium aurichloride. The same type reac- 
tion occui-s yith a solution of potassium cuprous chloride, yielding 
cuprous ai'senido of black color. ^ 

HjAs + NaAuCU — ^ AuAs + NaCl + 3IiCi 

(*’) H 3 AS + 3KCuCl2 C^isAs + 3KC’l + 3IIC1 

A. Bruki, Z. aiiorg. Chcin., 131, 236 (1623) 


28 


NaOH 

KOH 


IhAs 


1-1699 


When ai-sino reacts wit li solid sodium hydioxid<', .sodium ai-senide and 

solid arsenic hydritic are ol)tained. 'I'lie same typ(‘ reaction occui-s 
with potassium hydroxide. 

(‘0 HsAs + 3Xa()H XagAs + 3II.,() 

(1^) 2 Xa 3 As + blljO — > IIo.Vso + (iXaOII -f 4II 

(^) H 3 AS + 3K()II — > KsAs 3fIo() 

W 2K3AS + BNoO — ir,.A.s.. + GKOn d- 411 

A. Kcckicbea aiul J. Scheiber, Z. aiiorg. ('lioin.. 70, 255 (1911) 


28 


o 


Ib.Vs 

The incomj)lete oxidation of arsiiu* will yield solid ar.^enic hydride 

2H3.\s “j- ()■> — * IIoAso -p 2H-j() 

II. Hecklebon and J. Scheiber, Z. anorg. (’hem., 70, 255 (1011) 


M600 


28 


H 3 AS 


Arsine is decomposed by silent (‘lectri( 
and solid arsenic* hydride* are* ol)fain<*d. 


1-1601 


discha?-)i:(* ; m(‘tallic ars(*nic 


(a) 

(b) 


II3A.S -A As + 3H 
2 H 3 .VS HoAs,. + 211 , 


II. Becklob(*ii and J. Sclieil)cr, Z. anorg. ('hem,, 70, 2.55 (1011 


28 
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Beta 

Gamma 



HaAs 


M602 


At room temperature arsine in the presence of oxygen is decomposed 
to arsenic, while the hydrogen is oxidized to water. Under the in- 
fluence of beta and gamma rays arsenious acid is formed. 

2 H 3 .\s + 30 . ^ 2H3ASO3 


H. Hccklcbon and G. Lockemann, Z. anorg. Chcm., 92, 145 (1915) 28 


HAsOo 

(CH3COO)2Zn M603 

When wood is treated against decay by being impregnated with zinc 
acetate, acetic acid and metai’senious acid, highly toxic zinc metar- 
senite is precipitated. 

(CH3C00)oZn + 2HASO2 Zn(As02)2 + 2CH3COOPI 

b. Curtin, Ind. Eng. Chom., 21, 707 (1920) 2i 


1 IjAsi ).3 


Pb 3 H,{IOc )2 


M604 


HCl 


Lead paraperiodate niu}' be detennined voluinetrically by the u.'^e of ur- 
senious acid using concentrated hydrochloric acid as a solvent. If 
arsenious acid is present in (‘\cess, all the clilorine will react with it 
to form arsenic acid. The i‘xce.<s arsenious acid can then be titrated 
with iodate using chloroform as indicatoi'. 

PbsIbCIOfi). + 8HC1 + liHgAsO;, 

— 3 PbCb + 21 C'l + OH3ASO4 + 6H2O 

Hiibart H. Willard and .1. .1. Tlumipson, Ind. Eng. Chcm., .\noI. Ed., 6. 425 (1934) 


U 


I b.Vst la 

AgNOa 

.Vii aininoniacal solution of siiv(‘r nitrate Is reduced to metallic silver 
1)V arsenious acid. 


M606 


IlaAsOa -j- AgNOa .Vg -j- HaAsth -{- NO. 


Kolm. Moiiatsli., 43, 307 (.1923; 

Kef., .1. Chcm. Jsoc. (London), 124, 23S (1923; 
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AgNO 


HaAsO 


A yellow precipitate of siK er arsenito is formed when an excess of ar- 
seiiious acid is treated with a silver salt. 

ITaAsOa + 3(AgX03) -> AgaAsO^ + (SHNOa) 

Pasteur, J. de Pharni. et <le Chini., XIII 807 
Hof., Ann. 68, 309 (1S48) 


M 606 


Ns.-XsOa 

aIXs 

c 11 

> mall crystals separate when a motlerately concentrated solution of 
aluminum iodide is .saturated with arsenious acid under heating. 

Alls + 12n3As()s^ A^rsj(As2()3)6 l8H20 

Weinland and Grulil, Arch. Pliann., 266, 467 (1017) 

Ucf., ,1. Choin. Soc., (London), 116, 411 (1010) ^ 

I IsA.sOs 

^ 1-1608 

Small crystals separate when a moderately concentrated .solution of 
harium iodide is saturated with arsenious acid under heating. 

Rali + (IIIsAsO.t— » Jhilo • (.\s.()3)3-!)H.,() 

Wcinland and Ciruhl, Arch. Pharm.. 266, 467 (1017) 

Kef., J. Chem. Soc. (London), 116, 411 (lOlOi j 

I IjAs't h 

1-1609 

Small ciystals .separate wlien a moderately conciaitrati'd solution of 
heryllium iodide is satui‘at(*(l witli arsenious acid under heating. 

Melj + lilhiAsO:, — H(‘l2(A.so(_)3)3.SH,.(> + ILO 
Wcinland and Gruhl, -Vrcli. Pliaiin., 256, 467 (H)17) 

Kef., J. ('licni. Soc. (I,ondon), 116, 111 (lOHO i 


llj.VsOa 

1-1610 

Arsenious acid is reduced to metallic arsenic when lieatod to redne.ss 
with a mi.xture of coal and sodium carbonate*. 

4M.jA.s<)3 -)- -f- d.Va-jt 't — * l.Vs + (iXallCOj -f- 

BoutiKiiy, 8 , lot (I838i )() 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 


HjAsO, 

CaHsNiCl M611 

Arsenious acid reacts in a neutral solution with phenyl diazonium 
chloride to form phenyl arsenic acid, free nitrogen and hydrochloric 
acid. 

HsAsOa + CsHbNzCI ^ C8H6AsO(OH)2 + Ns + HCl 

% 

W. L. Lewis, Ind. Eng. Chem. 16, 19 (1923) S$ 


HjAsOs 

CsHbNsOH M612 

Arsenious acid reacts in a slightly alkaline solution with phenyl dia- 
zonium hydroxide and forms phenyl arsenic acid, free nitrogen and 
water. 

HjAsOs + C6H5N2OH C6H,As0(0H)2 + Nz + H^O 

W. L. Lewis, Ind. Eng. Chem. 16, 19 (1923) 2S 


IIsAsCJj 

Cals 1-1613 

Small crystals separate when a moderately concentrated solution of 
calcium iodide is saturated with arsenious acid under heating. 

CaL “ 1 “ 6H3ASO3 H“ 3H2O — > CiiL • (As203)3 • 12H2O 

Weinland and Gruhl, Arch. Pharm., 266, 467 (1917) 

Ref., J. Chem. Soc. (London), 116, 411 (1919) ^ 


HjAsOs 

Ce(S04)2 1-161^ 

(OSO4) 

The reaction between arsenious acid and ceric sulfate is catalyzed by 
very small amounts of osmium tetroxide. 

H3ASO3 + 2C'c(SO.i)2 + H2O — > H3ASO4 “h Ce2(S04)3 H2SO4 
Glen, Z. Anal. Chem., 96, 305 (1933) 

Ref., Willard and Young, Ind. Kng. Chem., Anal. Ed., 7, 57 (1935) 
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C 0 I 2 


HsAsOs 


M616 


Small crystals separate when a moderately concentrated solution of 
cobaltous iodide is saturated with arsenious acid under heating. 

C0I2 + 8H3ASO3 ^ C0I2.(AS203)4-12H20 


Weinland and Gruhl, Arch. Pharm., 266, 467 (1917) 
Ref., J. Chem. Soc., (London), 116, 411 (1919) 


CUCI2 


H3ASO3 


1-1616 


When a solution containing cupric chloride, sodium acetate and ar- 
senious acid is evaporated, the following reaction takes place to form 
Paris green. 


dCuC'lo -f SC'HaC’OONa + SAs.Og + 3H2O 

^ (^u(As()2)6-(CIl3C()(^)2 + OC'HsC’OOH + 8NaC:] 

L. P. C'urtin. Ind. Ktik. (’Iicni.. 19, 994 (1927) 


CUSO4 


1 IsAsO 


3 


M617 


A solution of cupric sulfate* is reduced 
l^resence of acjiieous ammonia. 


to cop]X‘r by arsenious acid in the 


IbAsO.T + CuSO, -{- 2X11,011 -> C’u + 4- (XH4)2S(h + H2() 

Kolin, Moiiatsh.. 43, 367 (1923) 

Ucf., J. C’hom. So,*., (London), 124, 23S (1923) 


1 l;iAs(J: 


FeCl 


1-1618 


The kiiu'ties and e(iuilil)riuin of the o.xidalion of arsenous a(*id to arsenic 
acid by a ferric salt are studic'd: 

2 + II..A.SO3 + 11,0 2 Fe(T + ]l3As()4 + 2 IK’I 

K. Jclliiu'ck niid I>. Wino^radc*!)', /. idektrochern. 30, 477, 479, 483, 490 (1924) 


MO 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 


HsAsOa 

Fel, 1-1619 

Small crystals of a complex salt separate when a moderately concen- 
trated solution of ferrous iodide is saturated with arsenious acid under 
heating. 

ImL “h SHgAsOs — > Fel2-(As203)4'12H20 
Weinlaml and Grulil, Arch. Pharm., 265 , 467 (1917) 

Kef.. J. Chem. Soc. (London), 116 , 411 (1919) / 


IlaAsOa 

Fe(OH )3 M620 

A precipitate is formed when arsenious acid is tieated with freshly 
precipitated ferric hydroxide. 

2H3.\s(!) 3 -|- 8Fe(OH)3 > (Fe20.i)4‘As203*5H2() -f- (IOH2O) 


Kiltz. Her., 37 , 3138 (1904) 


25 


HsAsf >3 

HoS M621 

Aisenic trisulfide may he precipitatc'd hy passing a eurnuit of hydrogen 
sulfide through arsenious acid. 


(2Il3As()3 “{" 31 ' AS 2 S 3 -f- ()H 2 tl) 


Wohler, Chom. News, 1 , 53 (1S67) 


lOI 


H.^Ast )3 


HgCl 


M622 


.\isenic is precipitated from solutions of arsenious acid hy jnercurous 
cliloride dissolved in concentrated hydroehlorie arid solutions (30^c 
or highoi'). No j)reeipitation oeeurs if the IIC’l conecuitration is helow 

2()f , . 

HaAsOa + 3ngC'l + 31I('l As 3HgCl,. + 

Piorsun. Ind. Kng. ('hem.. Anal. I'.d,. 6, 137 (1934) 




I IriAst 

Id M623 

Iodine monochloride oxidizes arsenious aeid. 

H3ASO3 + 2I('l + ILO H3 A.s()4 + [. + 2Hn 

Swift and Gregory; J. Am. Chem. Soc. 52, 901 (1030) ^ 
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II3ASO3 

ICgAsOj 

KI 


1-1624 


A white ciystaliinc 
exactly neutralized 
sium iodide. 


double salt is formed when potassium arsenite 
with dilute arsenious acid is treated with potas- 



4 H 3 ASO 3 + 2K^\s03 + 2KI ^ 3As->03-2KI + (OKOH + SH^O) 
Emmot: Sillim. J. [I.], 18, 58 (1830); Ann. 228, 72 (1SS5) 



KI 

KIO3 


I’IsAsOs 


1-1626 


Potassium dihydrogen arsenite is iormed when arsenious acid is treated 
with potassium iodide and iodate mixture. 


OHaAsOa + oKI + KKh — > GKII^A.sOa -f 01 + 311.0 

I.. Braiult, Chcni. Ztg., 37, 1415, 1471, l lOli (1013; 

Hcf., Z. Anal. C'hoin., 68, 447 (1919) 


KIO 


I laA.sl 


1-1626 


If arsenious acid is reacted with potassium hypoiodite it Ls oxidized to 
ansenic acid and tlie iodide remains. 

KIO + ll.,A.S();t ll;,AsO., + KI 
Orton and Blackman. .1. (’licin. S«ic., (J^ondr)n), 77, 830 (1900) 


103 


1 1.3. VsO^ 


KMnO., 


1-1627 


When a .solution of pola.ssium ])ennaiiganate Ls added to ansenious acid 
tlie latter is comca'led into arsenic acid. 

3 1 i .1 A.'^t );( "t 2KAIn().i >3ll3As()4 d" K^O -f" 2AIn()3 
Bu.ssy, (’ompt. Itniil. 24, 774 (18-17) 


•If 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 


HjAsOa ‘ 

KMn 04 1-1628 

Arsenious acid or arsenites in either acid or alkaline solution can be 
titrated with potassium permanganate, with the formation of arsenic 
acid (or arsenates). 

2KMn04 -f- 3H3ASO3 — > H3ASO4 2KH2ASO4 -f- 2jVIn02 H2O 
Sait-Giles, Compt. Rend., 48, 627 (1858) 29 

H3ASO3 

KMnO* 1-1629 

(KI) 

In the reaction between arsenite and peimanganate in acid solution, 
the manganese is reduced to the bivalent state. The reduction of 
the manganese to manganous ion Ls apparently catalyzed by dilute 
potassium iodate, potassium iodide, iodine monochloride and osmium 
tetroxide. 

(5H3ASO3 + 2KMn04 + 3H2SO4 

5H3ASO4 + 2i\InS04 + K2SO4 + 3H2O) 

Park, Ind. Eng. Chem., Anal. Ed., 7, 427 (1935) SS 


H3ASO3 

KMnO* M630 

(OSO4) 

Very small amounts of osmium tetroxide catalyze the reaction between 
arsenious acid and potassium pemianganate. 

5H3ASO3 + 2KMn04 + 3H2SO4 

— > 5H3As(J 4 ~h 2AInS04 IX 2 SO 4 H- 3 H 2 O 

Glen, Z. Anal. Chem., 96, 305 (1933) 

Ref., Willard and Young, Anal. Ed., 7, 57 (1935) 


H3ASO3 

La(OH )3 1-1631 

An aqueous solution of arsenious acid and one of lanthanum hydroxide 
are heated together for many houis. Lanthanum hydrogen arsenite 
is produced. 


2La(OH)3 + 3H3ASO3 ^ La2(H.\s03)3 + bH.O 

F. Frerichs and F. Smith, Ann., 191, 363 (1878) 



ARSENIC 


405 


HjAsOs 


Small crystals separate when a moderately concentrated solution of 
lithium iodide is saturated \\*ith arsenious acid under heating. 

Lil + 4H5 As 03-> LiI(As203)2-3H20 + 3 H 2 O 


M632 


Weinland and Gruhl, Arch. Pharm., 266, 467 (1917) 
Ref., J. Chem. Soc. (London), 116, 411 (1919) 


Mgl2 


HjAsOs 


1-1633 


Small crystals separate when a moderately concentrated solution of 
magnesium iodide is saturated with ai-senious acid under heating. 


AIgl 2 + 6H3ASO3 H- 3H2O — » Mgl 2 * (^^5203)3- 12H2O 

Weinland and Gruhl, Arch. Pharm., 266, 467 (1917) 

Ref., J. Chem. Soc. (London), 116, 411 (1919) 


Mnl2 


H3ASO3 


1-1634 


Small crystals separate when a moderately concentrated solution of 
manganous iodide is saturated with arsenious acid under licating. 


^InLj “f“ 8H3 ^\s 03 — ' jMnl2 • (As203)4 ■ 1 2 H 2 O 

Weinland and Gruhl, Arch. Pharm., 266, 467 (1917) 

Ref., J. Chem. Soc., (London), 116, 411 (1919) 


II3ASO3 


N2H3I3 

NaHCOa 


1-1636 


Arsenic pentoxide, ammonia and free iodine are formed wlien arsenious 
acid Is treated with nitrogen triiodidc' monammoniate in sodium hicar- 
honate solution. 

A.S2O3 + M 3 -XH., + XalR’O;. + H.O 

As 2()5 + Xal + 2XH3 -f- (I2) + (’()■_• 

Chattaway and Stevens, .\ni, Chem, J., 23, 372 (1900) 
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HjAsOs 

NH 4 OH M636 

Ammonium arscnite is obtained when arsenious acid is treated with 
a strong solution of ammonium hydroxide. 

HsAsO. + 3NH4OH ^ (NH4)3 As03 + ( 3 H.O) 

Pasteur, J. Pharm. et tie Chim., 13 , 397 (1848) 

Ref., Ann., 68, 30S (1318) 25 


HjAsOs 

NH 4 OH M637 

S 

One obtains shining leaflets of ammonium monothioarsenate when 
fine!)' powdered arsenious acid dissoh’cd in ammonium hydroxide 
is treated with precipitated sulfur and warmed on the water bath. 

(a) IRAsOs + 3XH4OH — (XH4)3 As03-3H20 

(b) (XHdaAsOa-SIEO + S - (XH4)3As03S -SH.O 

Weinlaml and Ruinpf, Z. anorg. Chein., 14, 42 (1897) 28 


H3ASO3 


NaN03 

Na>C03 


M638 


Large ('fhorc.scent crystals of liydrated sodium arsenate are formed 
when a mixture consisting of two hundred parts of sodium nitrate and 
one hundred sixteen parts of ar.senious acid is heated to redness in p. 
crucible, treated with sodium carbonat(‘ until alkaline and evaporated 
to crystallization. 

II3ASO3 + 2XaX03 + XaA'03 + 1411-.() 

Xa3As04 l5H2() -h NaHCOs + 2X0. 

H. hcscouur. Ann. c'hiin. pliys., 21, .5.51 (IS!)()) 


70 



H.-iAst h 


M639 


Small cry.stals separate when a moderately concentrated solution of 
nickel iodide* is saturated with ar.senious aerd under heating. 

Xil,. t 8H3ASO3— Xir. (As 4):,)4 lOFU) + 2H2O 


:itul Ciiulil. Aiclt. IMiann., 266, 4e>7 (llUTi 
Ref., .1. C'lioni. Soc. (I.ondon), 116, 411 I'lOlO.) 
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O. 


1 1.1 AsO; 


M640 


P’'*'®®"'''' "■>'* " itli a suspension of areenious acid in 

40^-COVo nitric acid yielding ai-senic acid. 

2H3ASO3 + O2 2H3ASO4 

H. Zielcr, Z. anorg. Chem., 162, 161 (1927) 


28 



PI3ASO3 


1-1641 


TIio oxidation of ai-senious acid, acidified 
ozone to ai*senic acid can be used as a means 


with hydrochloric acid, 
of analysis for ozone. 



HsiVsOs O 3 — > H3As(^4 + O 2 


P. Thonaiid. Compt. Hon<l., 76. 175 (1872) 




1 IsAsO 


3 


1-1642 


Small crystals separate when a moderately concentratetl solution of 
strontium iodide is treated with arsenious acid under lieating. 


Srio + (dbAsOa + 3IIo() Sri. • 3 AsoO.,- 121120 


Weinlaiul aiul Gruhl, Arcli. Pharia.. 265. 467 (I917J 
Ref., J. Cliein. Soe., tLoiulon), 116, 411 {1919> 


I 




Znl> 


1-1643 


Small crystals s(“i)arat(‘ when a ino(i<‘rately concentrated solution of 
zinc iodide is saturated with arscaiious acid utHl(*r heating. 

Znl2 d“ bllaAst ).-( -b H-jt) ' ZnI-> ■ ■ 10ll2() 


Weinlaiul and (Iruld, .\ifli. Pharin., 265, 467 (l!M7) 

Ref., J. Chein. Soe. (lunulonl, 116, 411 (1910) / 
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H«As04 

AgNOa 1-1644 

NH 4 OH 

To detect less than 0.001 mg. arsenic, convert to arsenic acid by means 
of nitric acid. Carefully evaporate to dryness one drop of the solu- 
tion on a microscope slide. Cover the residue with one drop of reagent 
(3% AgNOa + 1/5 of its volume 7-8N NH 4 OH). Red hexagonal or 
rhombic, sometimes tetragonal crystals form even when minute quan- 
tities of arsenic are present. These may be observed under the 
microscope. The same delicate test may be caiTied out with 3% 
AgNOa and 1/10 of its volume of acetic acid as reagent yielding the 
same type of crystals. 

HaAs 04 + 3 NH 4 OH + SAgNOa ^ (Ag 3 As 04 + 3 NH 4 NO 3 + SHaO) 

G. Deniges, Compt. rend., 147, 596-7 (1908) S8 


H3ASO4 

Ag3P04 1-1646 

Colorless prisms of silver dihydrogcn arsenate are formed when arsenic 
acid solution (one part of acid to one part of water) is treated with 
silver phosphate. 

(3H3ASO4 + Ag3P04 -> 3 AgH 2 As 04 + (H3PO4)) 

A. Joly, Compt. rend., 103, 1071 

Ref., Ber., 20, 6 (1887) . i 


H3ASO4 

AgjPO, M646 

Black opaque shiny crystals of silver arsenate are formed when a 
solution of arsenic (70 parts of acid to 100 parts of water) is saturated 
with amorphous silver phosphate at 80 ° and cooled. 

H3ASO4 “h Ag3P04 — > Ag3As04 "h (H3PO4) 

A. Joly, Compt. rend. 103, 1071 
Ref., Ber., 20, 6 (1887) 
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A1(0H)3 

NaOH 


HjAsO^ 


1-1647 


Ba(OH )2 


By heating ai*senic acid with aluminum hydroxide and sodium hydrox- 
ide in a sealed tube at 180° aluminum-sodiuni-arsenate is obtained. 
The same type reaction occurs with barium hydroxide solution. 

(a) 4H3 AsO^ + 2A1(0H)3 + 2NaOPI 


— 21XaH2A10^sO^l^I^O 

(b) 3H3ASO4 + A1(0H)3 -h Ba(()H).>— Balb AKAsOQ a-PbO 
A. Rosenheim and S. Thon, Z. anorg. Chem.. 167, 1 (1927) 


-f OHsO 

+ 4H2() 



BeO 


H3ASO4 


1-1648 


A solution of beryllium oxide in arsenic acid yields, on addition of al- 
cohol, a white, gelatinous precipitate, sometimes hexahj'drated triberyl- 
lium ai-senate, and sometimes dihydrated beryllium hydrogen arsenate. 

(a) 3Be() + 2Ii3As04 + SIW BcaCA.^Od,- (H,0)r. 

(b) BeO + II3ASO4 + H.O ^ BeHAs()4 -(H> 0)2 


A. Atterbcrg, K. Sv. Vet. Akad. Haiull. ()fvers. 32, 7, 35 (1875) 


10 


IIsAst >4 


Be(OH) 


1-1649 


Monoberyllium arsenate is formed when the calculated quantity' of 
beryllium hydroxide is di.'^solved in ar.^enic acid. 

Be(OH), + 2n3A.s()4— Be(IhA.s(),)2 + (2H2O) 

RIcyor and Muller, Z. .\norg. Cheni., 76, 285 
Ref., J. L. Howe, J. Am. Cliom. Sue., 36, 187 (1913) 


I 


lUAsOi 


Ca(OH),> 


1-1660 


Tricalcium ai'.senatc is formed from the naiction oi ar.senic acid and a 

slurry of slaked linu'. 

% 

2H:,As() 4 + 3Ca((>II)-j -> (’a 3 (A.-^() 4 ), + (iHA> 

('. W. Ururv ;ind <’. W, Siininotis. CIhmii .Met ling . 9, 179 (19J.*) 





410 


EXCVCLOPEDIA OF C’HEMIC’AL KEACTIONS 


Ca{OH )2 


H3ASO4 


Lime and arsenic acid may produce a basic calcium arsenate. 
0H3 .\sO 4 + 10Ca(OH)2 — > [Ca3(As04)2)3-Ca(0H)2 + I8H2O 

Tailor, Wood and Hiner, J, Am. Chem. Soe. 36 , 809 (1924) 

Kef., C. W. Drury and C. W. Simmons, Can. Chem. & Met., 9, 180 (1924) 


M661 



H3ASO4 

Ca(OH)2 1.1662 

If arsenic acid is poured on a paste of slaked lime, tricalcium amenate 
is formed. 

30a(OH)2 + 2H3AsOi ^ C'a3(A.s()4)2 + OH 2 O 

Keedy and Ilnag, J. Ind. Eng. Chem. 13. 10.38 (1921) 2 ^ 



I I3.\s04 


M663 


Cadmium hydrogen ar.senate Ls foi-med when eatlmiiim is dissolved 
in arsenic acid at 200° and the n'.'^ultino: solution treated with water. 


H3 As ()4 + C'd -f IIoO — ► ( ’(lHA.s( ).| ■ IhO -f (H2) 

Coloriano, Compt. rend., 103, 273 

Kef., Bcr., 19, 660 (1.886) 25 


H3*Vs04 


Cd(N03)2*4H20 

Na-CO;! 


M664 


-V mixture of ortho arsenie a<dd (22.og) with cadmium nitrate (48.0g) 
and sodium earhonate (O.lg) in 300 ee of water is heated in an auto- 
clave eciuipped with a mixer at a temperature of 180°. Crystals of 
cadmium pyroarsenate are formed. 

2H3As(_) 4 “h (( ’d(\t 13)2)2 * 8H2O “h 2Xa2C03 

— C doAsoPy + 4XaN03 + 2CO2 + HHoO 

A. KosLMihehu, Z. aiiurg. Clicin. 193, 73 (1930) 


28 



ARSENIC 


411 


Ce .03 

1-1666 

When cerium oxide is digested with amenic acid there forms a diffi- 
cultly soluble salt, probably cerium ai-senate, which dissoh-es in an ex- 
coss of ai*sonic acid. 

(CeoOa + 2H3/VSO4 2CeAs04 + SH.O) 

W. Ilisingcr and J. Rcrzelius, Avhandl. i Fysik, Kemi och Min., 1, 75 (1S06) W 


CoCO 


II3ASO4 

^ 1-1666 

Reddish needles are obtained when eohaltous carbonate is digested with 
an excess of arsenic acid at 235°. 

4H3As(l4 + SCoCOj (.VsdXl- CCodls-SHd) -f- (SCO. -|- SH.O) 

Coloriano, t'oinj)t. rend., 103, 27.3 


Uof., Her., 19, «fi() (1SS6) 


25 


II3ASO4 

Cr(OH)3 

NaOH 

KOH 


H 667 


By heating arsenic acid with chroiniiiin, hj'droxide and sodium hydrox- 
ide in a .sealed tube foi- 0 houis at 180° green colored crystals of sodium- 
chromium-arsenatc are obtained. The .same type reaction occui‘s with 
potassium hydroxide. 


(a) 2Il3As()4 + (V(()II)3 -f NaOH -> NaIHCr(A.s()4)2- IHO + SH.O 

(b) 3H3 A.s(> 4 + (’r(01I)3 + KOH + 3IHO-^ KH6Cr(As04)3-7H20 

(c) 3H3ASO4 + CV(0H)3 + KOH + 811,0 KH5Cr(A s04)3 -12H ,0 

Uosenlioiin and S. Then, Z. anorg. C'hem., 167, 1 (1927) 




I I3ASO4 


1-1668 


Dark reddish, blue olive colored triclini(t needles of cupric ai*senate an 
obtained when arsenic acid reacds with coj)pcr at 180°. 

2H3A.<^04 + 3('u (’u 3 (As 04)2 + (3H,) 


Coloriano, Coinpt. reiul., 103, 27’t 
Ref., Ber., 19, 6G0 (ISSG) 
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H3ASO4 

^'e(OH)3 I_1669 

By heating arsenic acid with ferric hydroxide in a sealed tube for 5 
houi-s at 160° white crystals of ferric arsenate are obtained. 

H 3 ASO 4 + Fe(OH )3 FeAs 04 • H 2 O + 2 H 2 O 

A. Rosenheim and S. Thon, Z, anorg. Chem., 167, 1 (1927) B8 


H3ASO4 

Fe(OH )3 1-1660 

NaOH 

KOH 

Ba(OH )2 

By heating in a sealed tube at 180-200° 30 grams of arsenic acid ^vith 
50 cc water and ferric hydroxide obtained from 2.7 grams of crystallized 
ferric chloride and 4 grams of sodium hydroxide, sodium-ferric-arsenate, 
in form of white crystals, is obtained. The same type reaction occurs 
with potassium hydroxide and barium hydroxide. 

(a) 2 H 3 ASO 4 + Fe{OH )3 + NaOH -> NaH 2 Fe(AsQ 4 ) 2 -H 2 Q -f- 3 H 2 O 

(b) 2 H 3 ASO 4 + Fe(OH )3 + KOH -> KH 2 Fe(.\s 04)2 + 4 H 2 O 

(c) 6 H 3 ASO 4 + 2 Fe(OH )3 + 3 Ba(OH )2 ^ Ba 3 H 6 [Fe(As 04 ) 3]2 + 12 H 2 O 

A. Rosenheim and S. Thon, Z. anorg. Chem., 167, 1 (1927) B8 


H3ASO4 

H M661 

Active hydi'ogen in contact with certain metals reduces areenic acid 
to elemental arsenic. In the presence of a zinc-copper couple arsine 
is formed. 

(a) H 3 ASO 4 -h 5H — > As + 4 H 2 O 

(b) H 3 ASO 4 + 8 H ^ AsHs -i- 4 H 2 O 

Gladstone and Tribe, J. Chem. Soc., 33 , 306, (1878) 
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H 3 BO 3 

Boron ai-senate is 
treated with boric 
for a time. 


H 3 ASO 4 


1-1662 


.produced when ai-senic acid, heated to boiling, is 
acid and the solution maintained at the boiling point 


H3BO3 + H3ASO4 BASO4 4 - (3H2O) 
Schumb and Hartford, J. Am. Chem. Soc., 66 , 2646 (1934) 


H 3 ASO 4 

H2Mo04 1-1663 

When molybdic and ai-senic acids are concentrated together they form 
a complex areeno molybdic acid. 

2H3ASO4 + 7 H 2 Mo 04 + 4H2O — > H 6 .\S 2 M 07029 nH 20 


H. Seybtrth, Ber., 7, 391 (1874) 


11 


H 3 ASO 4 

H2M0O4 1-1664 

NH 3 

When ammonium hydroxide is added to a boiling solution of molybdic 
and arsenic acids, a complex salt is formed. 

2H3.ASO4 + 7H2M0O4 + 2NH3 ^ H 6 As 2 Mo 7029 - 2 NH 3 + (7H2O) 

H. Seyberth, Ber., 7, 391 (1874) // 


H 3 As 04 

H2M0O4 1-1666 

(NH4CI) 

A precipitate consisting of small crystals Is formed when a solution of 
molybdic acid and arsenic acid in the presence of an ammonium salt 
is heated to boiling for a long time. 

2H3ASO4 + 7H2IM0O4 4 - (2NH4CI) 

H 6 As 2 Mo 7029 • 2NH3 ■ 4H2O + ( 2 HC 1 4 - 3H2O) 

H. Seyberth, Ber., 7, 391 (1874) 25 
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H3 As 04 


1-1666 

Ai-senic acid can be determined quantitatively by passing hydrogen 
sulfide through an acid solution thereby converting it to arsenic penta- 
sulfide which is precipitated and can be weighed. 

2H3.VSO4 + 5H2S + 8H2O 

Leroy W. McCay. Am. Chem. J., 9. 177 (I8S7) n 


H2S 


ri3As04 


M667 


Arsenic pentasulfide i.s obtained when a fast moving stream of hydro- 
gen sulfide is passed through a solution of (ortho) arsenic acid. The 


gas is alwavs in excess. 


(a) 

H3As(J4 d~ II2S — 

» IIjAsOaS + H2O 

(b) 

H3ASO3S d~ H2S — > H 3 :Vs 02 S 2 -f- H2O 

(c) 

Il 3 As() 2 S 2 “h IL^ “ 

- H 3 .\.sO.Sj + H2O 

(d) 

H 3 As()S 3 + 1128 - 

^ HjAsS, + H2O 

(e) 

2H3A.SS4 AsiSs + .3II2S 


LeKoy W. McCay, Z. anorg. Chem.. 29, ;3G (1002) 
Ref., Glatzel, Z. anorg. Clicm., 70, 86 (1011) 


HoS 


H3AsC)4 


M668 


If a limited amount of hydrogen sulfide is added to a solution of arsenic 
acid, monotliioarsenic acid is formed. If, however, larger amounts of 
hydrogen sulfide are adderl arsenic pentasulfide is precipitated. 


(a) Il 3 .-Vs 04 ^ HgAsOsS d- ILO 

(b) 2H3ASO3S + 3 ILS — .\s2S5 d- OI-LO 


Hohuslav Jirauiier, C'hem. 80 c. (Loiulon), 67, 532 (1805) 




AKSENIC 


415 


H.S 


H3ASO4 

1-1669 

Ai'senic pentasulficle, arsenic trisuUide, sulfur and ai’senious acid are ob- 
tained when hydrogen sulfide is slowly passed through a solution of 
arsenic acid. The gas is not to be used in excess 


(a) 

(b) 

(*•) 

(ci) 

(0) 


HgAstb + lis — » llaAsOgS + HoO 
2ir3A.s03S + 3HoS ^ AsoSft + GH2O 

2ir3A.s()3S ^ 2U3ASO3 + 2S 

2H3As()3 31 — > AS 2 S 3 -|- OH-'O 

CHsAsO^S. ^ AS 2 S 5 H- A.S 2 S 3 + 4S + 2H3As()3 + GH.O 


LeHoy W. McCay, Z. aiiorg. C'licin., 29, 3(5 (i902) 


28 


H.S 


HsAst )4 

1-1670 

Arsenic pentusulficU' is precipitated wry slowly from cold, dilute acid 
solutions of ai’senic acid or an anscnatc by liydrogen sulfide. At OO^C. 
precipitation is rapid in 0.3 A’ hydiochloric acid. 

2H3As()4 + 5II0S -> AS2S5 + SIIoO 


Hall aiul WooilwtntI, Incl. ling. CLcni., .\nal. lul., 6, A7S (1035) 


33 


llaAsOj 


H2S 

HCl 


M671 


Ortho arsenic acid will react with lo'drogen sulfide in hj’drochloric acid 
solution. Yielding arsenious sulfide. 


(a) 

(b) 

(c) 


H3ASO4 + II2S -> II3ASU3S + II2O 
2II3ASO3S + 01 101 -> 2 AsC'l 3 4 - OII2O + 2 S 
2 AsCl 3 + 3II2S -> AS283 + OIK 'I 


I.eUoy W. McCay, Z. ;inal. Chen.. 27, 032 (1H8S) 


'8 
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H^O, 


H2SO, J.1072 

Arsenic acid is quickly and completely reduced by sulfurous acid in the 
presence of hydrobromic acid. 

H 3 ASO 4 + H 2 SO 3 ^ (HsAsOs + H 2 SO 4 ) 

Rohmer: Ber., 34, 1565 (1901) 95 


H2SO4 


H 3 ASO 4 


Arsenic acid is dehydrated to the pentoxide 
with sulfuric acid. 


M673 

on evaporating to fumes 


2H3ASO4 AS2O6 + 3H2O 

C. Schultz-Sellack, Ber., 4, 112 (1871) 



H 3 ASO 4 

H 2 Se 04 14674 

RbOH 

Rubidium seleno monoarsenate is obtained if a solution of selenic acid, 
arsenic acid, and rubidium hydroxide Ls concentrated on the water bath 
and allowed to cool. 

( 2 H 3 ASO 4 ) + 4RbOH + 2H2Se04 

As20,-(Se()3)2*(Rb20)2-3H20 + ( 4 H 2 O) 
Weinland and Barttlingck, Bcr., 36, 1397 (1903) 26 


H 3 ASO 4 

H 3 VO 4 1-1676 

Ai’senic-vanadic acid is formed when a mixture of pure vanadic acid 
and concentrated arsenic acid is boiled for several houi-s. 

2H3.\s04 + 2H3Y04 + 5 H 2 O -> AsoOrVsOs-llH.O 
P. Fernandez: Ber., 17, 1632 (18^) 25 


H 3 ASO 4 

Hg M676 

A yellow mercuric pyroarsenate is formed when mercury is heated with 
dry arsenic acid. 

3 H 3 ASO 4 + 2 Hg Hg2As207 + H 3 .VSO 3 + ( 2 H 2 O + H:) 

Gmelin, 

Ref., M. Dunschmann and H. v Pecliinann, Ann., 262, 181 (1891) 
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Hg 


ll3‘^Vs04 

1-1677 

Ileicuious ai-senate is formed when mercury dissolves in arsenic acid 
at 230°. 

2ir3As04 + GHg ^ 2Hg3A.s04 + (3H2) 


Coloriano, Compt. rend., 103, 273 
lief., Ber., 19. 660 (1S86) 


25 


H 3 ASO 4 

HgNOg 1-1678 

jMercurous ai'senatc is formed when mercurous nitrate is dropped into 


a solution of ai'senic acid. 


II3ASO4 + SllgXOa -> IIg3A.s04 + (3HNO3) 


K. Ilaack: Ann., 262, 190 (1891) 


HgNO 


IIjAs()4 


3 


1-1679 


A complex salt Ls lorinetl when an excess of mercurous nitrate ls added 
to arsenic acid. 

3H3A.s() 4 + lolIgXOj -h 211.0 

^ (lIg3As04)3 (llgX()3)-.-2IIg-.0 + 1311X03 

K. Haack: .\iin.. 262, 190 (1891) 


25 


1 r3As04 

HgNOa 1-1680 

A whit(' precipitat(* of inenairous pyroars(‘nat(‘ wliieli changes to pur- 
plish red is formed when a solution of arsenic acid is brought together 
with mcacurous nitiate. 

2 ii 3 .W)i + -iiigX 03 — iigiAs .>07 + mxo., 4- H.,o 


Simon, Pogji. Ann.. 41, 424 
Hef., Ann. 262, 1.S2 (1X91) 


/ 


ll3As()4 


Hg(N03), 


M681 


Mercuric arsenate is formed wlien an (‘xcess of mercuric nitrate is 
dropped into arsenic acid. 

2II;(As(),i 4“ 3ng(XO;|):! — ^ I Ig3(.\.s0.j)-.' 4“ (() 1 IX' 03 ) 

K. llaark: .\nn. 262. IM ns!»| ) 
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HjAsO^ 


Hg(N03)2 14082 

A yellow mercuric pyroarsenate is formed when arsenic acid is treated 
with mercuric nitrate. 

2H3.\s04 + 2Hg(N03)2 ^ Hg2As207 + (dHNOa + H 2 O) 

Bergmann, Opuscula Physica et chemica, Upsala 1779-1784 w 


H3ASO4 

HgNOs^HsO 1-1683 

Minute quantities of arsenic may be detected by placing a small drop 
of the arsenic solution (c.g., arsenic acid) on a glass plate, carefully 
evaporating it and mixing the residue with a drop of reagent, composed 
of 10 g. mercurous nitrate, 10 cc. nitric acid (d., 1.39), and 100 cc. dis- 
tilled water, such that the residue is just covered. After about 2 min- 
utes, the thick macles and crystallites, frequently arranged in double 
fan form and of brownish yellow hue, as well as almost colorless plates 
with rounded extremities may be examined under the microscope. 

2H3ASO4 + 4HgN03*2H20 ^ (2PIg2HAsQ 4 + 4HNO3 + 8H2O) 

G. Deniges, Compt. rend., 147, 745 (1908) S8 


H3ASO4 

KI 1-1684 

HCl 

Arsenic acid may be determined by treating it with potassium iodide in 
the presence of hydrochloric acid. 

2H3ASO4 + 4KI + 4HC1 AS2O3 + 2I2 -1- 4KC1 H- 5H2O 

Roscnthaler, Z. Anal. Chem., 46, 596 (1907) 

Ref., J. .\m. Chem. Soc., 30, 437 (1908) / 


II3ASO4 

KI M686 

H2SO4 

Arsenic acid is reduced by potassium iodide in the presence of sulfuric 
acid. 

H3ASO4 + 2 KI -f II2SO4 H3ASO3 + H2O + K2SO4 + (I2) 

Oberdoerfer and Nieuwland, J. Am. Chem. Soc., 44, 838 (1922) ^ 
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KIO 

KI 


II3ASO4 


M686 


hen a mixture ot potassium iodato and potassium iodide is treated 
^^lt 1 ai'senic acid, iodic acid and hydriodic acid are first set free, and 
then those react to liberate free iodine. 


(a) KIO 3 -f~ 5KI "h 0Il3AsO4 - 
(^) HIO 3 -f 5Hr 

U. Klason ami J. Kohler, K. Sv. Vet. 
(1902) 


0Kri2AsO4 + IIIO3 + 5 H 1 
SlU _0 + 31 , 

VkaJ. Hniidl. liihanf;., II, 28, No. -I, S 


KMn 04 


ir 3 As ()4 


M687 


Mn(H 2 As 04)2 

A dark violet red colored .solution of triarsenie manj2;anic acid is obtained 
when solutions containin”; potassium permanganate, mangane.se hydro- 
gen ai-senate and ai'senic acid are jioured togidher at room temperature'. 

8H3ASO4 + KMnO, + lMn(H,.Vs()4'), 

> fil [6^In(y\.s04)3 -|- IvIIoA.st).! -{- lIIjO 
Deiss, Z. anorg. Chcni., 146, 371 {19'25) 


I l3As( )4 


KOH 


1-1688 


Titration of arsenic acid witli potassium h3’droxiele gives water and a 
monopotassium dihjalrogi'n or a dipotassium monoh^'drogen arsenate' 
according as metli}'! orange or ])hen()lphthalein is used. 

(a) KOII + II 3 ASO 4 ^ Kir,As()., + 11,0 

(b) 2K()II + n3A.s04 -> K 2 HASO 4 + 211,0 

P. Klasoei aiul J. Kuhler, K. Sv, Keni. Titiskr., 14, 183 (1902; 


H 3 As ()4 


KOH 


M689 


Potassium hvdroxide in excess added to a solution of orthuar.se'iiic acid 
gives tripotassium arsenate. 

3 K()I 1 + H3As()4 -- K3A.s()4 + ( 3 H, 0 ) 

Thomas Graliatn, Trans. Hoy. Soc. (London), 123, 2C3 (1833) 


105 
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II^AsOi 

KOH 

H2Se04 


1-1690 


Potassium pontasclono diarscnatc is obtained if a mixture containing a 
concentrated solution of selenic acid, arsenic acid and potassium hy- • 
di oxide is ev aporated over sulfuric acid. 

4 H 3 ASO 4 + UKOH -f 10H2SeO4 

(As 205 ) 2 -(Se 03 )io-(K..O) 7 -lIH 20 + (I 2 H 2 O) 

Woinland and Barttlingck, Ber., 36, 1307 (1903) 25 


II3AS04 

KOH 

H2Se04 


M691 


Potassium seleno-monoarsenate is obtained if a solution of selenic acid, 
potassium hydroxide and arsenic acid is conc<'ntratpd on the water bath 
and allowed to cool. 


2 H 3 A.SO., + 4KOII + 2ILSe(), 

-> A.s4)5.(Se03)2-(K20)2-3Il30 + ( 4 H 2 O) 
Woinland and Barttlingck. Bor., 36, 1307 0003) 25 


I l3.\st h 


KOH 

U02(C2H303)2 


M692 


I ranyl potassium arsenate is ol)tainetl wlu'n arsenic acid is saturated 
with potassium hydroxide, then made acitl with acetic acid and finally 
mixed with uranyl acetate solution. 

(2H3ASO4 + OKOH + 2ro2(C’..H302)2 4- ir-.o 

-> (fr0o)KAs()4)2-7H-.0 -h IK'C.IUb) 

Bimbacii : Bor. 37, 401 (1004) 25 


ILAsCY 

K 2 U 2 O 7 M693 

Uranyl potassium ansenate can be prejiared In* long digestion of potas- 
.sium diuranate with arsenic acid. 

2H3ASO4 + K2U2O7 + 4 n -.0 ^ ((U02)KAs04)2-7n20 

Kimb.ach: Bor. 37. 461, (1004) 
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MgClo + NH 4 OH 


IlaAsOi 


1-1694 


The ^vcll-kno^^■n (•luuaotoristic reaction of arsenic (e.g., as arsenic acid) 

witli aminoniaeal inagnesmni chloride solutions may be successfully 

used for identifying minute <iuantities of arsenic by placing a drop of 

the unknown on a glass plate, carefully evaporating it and then treating 

It with a droj) of the reagent, examining the erystallinc precipitate under 
ji microscope'. 

HsAsOi + MoC’li + HXIIiOII (.MgXII^AsOj + 2NH4C1 + SHoO) 

O. Deiiigc's, C’oinpt. roul., 147, 51H) 


38 


MnCOa 


I f 3 As( ) J 


M696 


Prismatic crystals 
ganous carbonate', 


are' obtaine-d ulu'ii arse'iiic ae*i(l Ls treated with 
filte'ie'el and lK>i!e'el with wate'rat 150°. 


maii- 



II.-jAstlj -j- ^In( ( )•( 


Mnll.Vstb-ir.O + (’(b 


0>) 

(<*) 


oMnllAst )i- n.j( ) — * (II;iAs()i 
( As-jt Ijl-j • { M nt Mo * 51 !■.>( ) — ■■ 


1 1 AM + (As4)5).>-(iMnO)5.5iM) 
:^IIA> f (As,()o)2-(Mn())5-2II,(> 


C'olorijino, Coiupt. icinl.. 103, 27;i 
Hof.. Hvv.. 19, ()«>() (issei) 



I I.iAst )} 


MoOo-4MoO;j 


1-1696 


\ stable l)hu* salt e)t arse'iiic and molybdenum iua\ be lornu'd liy addi 
tiein of inolybeie'iium blue le'agent to arseiiie’ ae*id. 

II^Astb + 2{Mo(),- lMo();d -> (MoO,- IMoOAl'-JIgAsO., 

Itid. Ibti;: ('hem.. .\n:il IhtI . 7. '2'27 (ia3.')i 


33 


IbiAsO. 

NH 4 CI 1-1697 

MgCl, 

( )rthoai>enie acid le-aet.’' witli amm<»niuni e-hloride and inagne'sium 
e-hloriele' tei form amimmium maiiiiesium arsenate. 


JIsAsO, + Nil, Cl b 
William Circfxer, 'rrans 


M^Cl. f (ill.O • \M,Mg.\s()., (Hl,() -f 
H < >\ . Sue 1 tin it II I I 99, JO t ( 1 S09 1 


(AIK 1 


/ 1)3 
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H3 As 04 

(NH4)2Mo04 1-1698 

When a mixture of arsenic acid, ammonium molybdate and an am- 
monium salt is heated, an ammonium molybdoarsenate is obtained as a 
yellow precipitate. 

( 2 H 3 As 04 + 20(NH4)2MoO 4 + UHgO 

^ ((NH4)2O)3-As2O6 -20MoO3 + 34 NH 4 OH) 

H. Debray, Compt. Rend., 78, 1409 (1874) 


HjAs 04 

NH 2 OH M699 

Feather-like crystals are formed when a solution of amenic acid is 
treated with sodium carbonate and then made barely basic with hy- 
droxylamine. 

H3ASO4 + 3NH2OH ^ H3As04 - 3 NH 20 H 

V. Kohlschutter and K. Hofmann: Ann. 307, 329 (1899) 25 


H3ASO4 

NH 4 OH M700 

H2Se04 

Ammonium seleno-monoarsenate is obtained if a solution of selenic acid, 
arsenic acid and ammonium hydroxide is concentrated on the water 
bath and allowed to cool. 

2 H 3 ASO 4 + 4 NH 4 OH + 2H2Se04 {As20,)-(Se0,)2- [(NH4)20]2-7H20 

Weinland and Barttlingck, Ber., 36, 1397 (1903) 


H3 As 04 

NH 4 VO 3 M701 

(NH4)2H2 As 04 

A double compound is formed when vanadium pentoxide, neutralized 
with ammonium hydroxide, is allowed to react with ammonium dihydro- 
gen arsenate and arsenic acid. 

6 (NH 4 )H 2 As 04 + 4NH4VO3 + 2H3ASO4 

^ ((NH4)20)5-(V206)2*4AS206 + OHjO 

C. Friedheim, Ber., 23 , 2600 (1890) 
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NaOH 


H 5 ASO 4 


M702 


Small amounts of amenic acid (loss than 0.07 g. as amenic acid or arsenic 
trioxide) can be quantitatively neutralized with standard sodium hy- 
droxide solution using phenolphthalein as indicator. 

HsAsO, + 2 NaOH ^ Na.HAsO^ + 2 H 2 O 

Wiloy, IVwley an, I Ircy, Iiul. IOiik. Cl.c]n.. .\„al. Ed., 4, .3( 


396 (1932) 


S3 


Na 2 W 04 


HjAs 04 


M703 


Anhydroarscnic tungstic acid is formed when sodium tungstate is 
boiled with an excess of ai'senic acid. 


17H3 .'Vs ()4 H- sya.WO, + SH.O 

II 3 ASW 8 O 28 -IGH 2 O + ICNaHsAsO, 

Fr. Kehrinaiin, Ann., 246, 45-57 (1SSS> 


H 

Na 2 W 04 1-1704 

A wliite precipitate is fornu'd w hen a veiy concentrated cold solution 
of one part of ai'senic acid reacts with four parts of cold sodium tuncstate 
solution. 


2H3.-Vs() 4 + aXaiWfh + 


ITIl-.O ^ As2()6 (W()3)3 (Na2O)3*20H2O 


J. Lefort, Compt. rend., 92, 1161 

Ucf., Bcr., 14, 2059 (1881) 25 



I l3^\s( ^4 


1-1706 


Bright green, clinorhonibic crystals of nicked 
formed when arsenic acid r(‘acts with nicked at 


ir 3 As ()4 + Xi XilIAs ()4 + 


lu’eirogen arsenate are 
100 °. 

(IB) 


Coloriano, C’ompt. ifutl., 103, 273 
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H 3 AS 04 

NiCOa M706 

Straw-yellow needles and hexagonal apple-green leaflets are formed 
when nickel carbonate reacts with arsenic acid at 235®. 

6 H 3 ASO 4 + SNiCOs ^ ( 8 CO 2 + 4 H 2 O) 

-f (As205)2*(Ni0)5-3H20 + i\i3(As04)2-2H20 
Coloriaiio, Compt. rend., 103, 273 

Kef., Bcr., 19, 660 (1886) 26 


H 3 ASO, 


PbCl 


M707 


Lead pyroarsenate is precipitated when arsenic acid reacts with lead 
chloride. 

2Pl)C’l, + 2H3 .\s() 4 ^ Pb^O; + (4HC'l + H.O) 

Mitsclicrlich and Berzelius. Danimer, “Handl)ucli dor anorganischen Chcmic” 

Vol. 2 Pt 2 P. 565 

Bef., Tartar and Robinson. .1. .Vni. Soc.. 36, l!S4l (1014) 1 


n3.\s()4 


Pb(N03)2 


M708 


Lead pyroarsenate is precipitated when lead nitrate reacts with arsenic 
acid in acpieous solution. 

2H3.-VSO4 + 2Pb(X()3)2 — Pbo.^oO^ + 4IIXO3 + IW 

Tartar and Robinson, J. .\m. Cbeni. Soe.. 36, 1.S44 {1014) 


/ 


I l 3 . Vs( >4 


SnCl> 


1-1709 


'riu‘ r(‘duction of ar-^enic acid in liydrocldoric acid solution to brown 
arscMiic by stannous chloride is strongly catalyzed by mercuric mercury. 
The addition of th(‘ latt(‘r in a concentration of 10“'’ mole hastens the 
I'caction. 

(2H3ASO4 + oSiiCl-. -h lOHCl -> oSnCL + ^ + 8H2O) 

Kitiji and Brown, Iiid. Kng. ('hem., .Vnal. Kd.. 6, I6S (19.33) 

Ref,, KidtliolT and lavingstoii. Ind, Kng. C’hom,, Anal. Kd.. 7, 212-3 (193.5) 


.33 
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UOsCCoHsO,), 


H3AsO< 


Zn 


I ranyl ai-seimte is piocipitatotl when uianyl aci'tato is added to a sola- 
tion of ai-senic acid. 

ZHjAsO, + SliOoICJEO,).. (U02)3(.\s04)2 + (GHC.HjO.) 

Ililpert and Dicckinann; Her. 44, 2;iS5 ( 1911 ) 


1-1710 


25 


II 3 ASO 4 

1-1711 

Adaiuine is the liiial pioduct obtained wlicn the reaction product of 
arsenic acid and zinc is digested with water. 

(a) H 3 ASO 4 + Zn + II 2 O > ZnHAs ()4 • H 2 O (fine needles) + (Hj) 


(b) 


(ZnHAs()4)2-ir20 ZiisHA-sOb + (n3As()4) 


Coloriano, C’ompt. road. 103, 273 
Uef.. 19, (UK) (ISXO) absir. 


25 


I f 4 As*>( )7 

NH 3 1-1712 

By heating iiyroarsenic acid to 50° in an atmosphere of ammonia, di- 
amrnonium liydrogen pyroanscuiate is formed. 

II 4 A.S 2 O 7 + 2XI[3 ^ (Xll4)2H*As>(;; 

A. Kosenheim and II. Antolmann, Z. anurj;. C’licm., 187, 3S5 (1930) >8 


I I 4 .\.'''>C )7 

NH 3 

CH3NH2 

C2H5NH2 

Pyroar.senie acid in powdiu- form is put into a glass lulx*. Dr^, liipiid 
ammonia is added. O'he .seahal tulu* is hd't for 24 hours under sluiking 
at room temperature. Crystals of ammonium pyroar.senat(‘ are of)- 
tained. Tlie same type I'eaetion oeeui's with metliyl amine and (dint 
amine. 

(a) 

(b) 

(c) 


1-1713 


llj.Vs-jt); "h iXIl.'i ' ( X 1 1 1 ) i.Vs-jf 
Il4As2(); d” 4(( I I;; ■ X I Ij) — ' ( X I I.it n3),iA.S2()7 
Il4.\.S2()7 “h t(( -,'1 l.'j- X I I 2 ) (Xn,-(( -jl lo) i.VS'jt )? 

A. Kosonh(‘ini :oul II. .\nt<‘liu:uir>. Z. :oioi<:. ('Iiciii.. 187, 3S.5 (1930 
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HaAs02S3 

Decomp. 1-1714 

Dithioarsenic acid decomposes into arsenic pentasulfide and arsenious 
acid when kept in a closed flask for 24—36 hours in the presence of 
hydrochloric acid. 

(6H3ASO2S2 — AS2S6 + AS2S3 + 4 S + 2H3ASO3 + 6H2O) 

McCay and Foster: Z. anorg. Chem. 41, 462 (1904) 28 


HjAsOSa 

(HCl) M716 

Trithioarsenic acid decomposes into ai*senic pentasulfide, hydrogen 
sulfide and water when kept in a closed flask for 24-36 hours in the 
presence of hydrochloric acid. 

2 HjAsOS 3 ^ AS2S6 + 2H2O + H2S 

McCay and Foster: Z. anorg. Chem. 41, 452 (1904) 28 


H3ASO3S 

Decomp. 1-1716 

Monothioarsenic acid decorapo.ses into arsenic trioxide and sulfur. 

2H3ASO3S AssOa + 3H2O + 2 S 

Brauner, J. Chem. Soc., (London), 67, 527 (1895) 

Ref., Weinland Rumpf, Z. anorg. Chem., 14, 42 (1897) ^8 


H3As(S204)3 

HIO M717 

KOH 

Free iodine is liberated along with the fomation of potassium areenate 
when arsenodithionous acid hydrolyzes in the presence of hypoiodous 
acid and potassium hydroxide. 

(a) H3 As(S204)3 + 3H2O ^ H3ASO3 + 3H2S2O4 

(b) H3ASO3 -f- 2 HIO + 3 KOH ^ I2 -h K3/VSO4 + 4H2O 

Wilke, J. Soc. Chem. Ind., 42, 356T (1923) 

Ref., J. Chem. Soc. (London), (1927), 2020 
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Dehydr. 


2HjAs04-H20 


acid at low temperature 

H A= motamenic acids and not the hydrate 

ti6AS4Ui3, as previously supposed. 

3(2H3As04-H20) — » 2(H4As207HAs03) -|- 7 H 2 O 
Auger, Compt. rend., 146, 5SS (1908) 


1-1718 


38 


AgNO 


HaAsWsOss-lOH^O 


M719 


An insoluble white silver salt is obtained when ri-anhydro-arsenic tung- 
stic acid is treated with silver nitrate. 

Ms.'^aWsOss lOHoO + SAgNO, -> AgsAsWsOis + (5HNO, + ISH.O) 

F. Kelinnann, Bor., 21, 467 (ISaS) * 


KCl 


lis.-VsWsOog ■ IOH2O 

M720 

Ihe potassium salt is formed when d-anhydroarsenic tungstic acid is 
treated with potassium chloride. 

H3ASW8O28 I6H2O + 3 KC 1 ^ Ka.VsWgOog-SHaO + ( 3 HC 1 -f 8H2O) 

F. Kehrmann, Ber., 21, 467 (1888) 25 


H2O 


H6Mn(As04)3 

Manganic arsenate is produced when manganic 
senate is treated with water. 


1-1721 

he.xahydrogen ar- 


fl6Mn(As(:)4)3 -> MnA.s()4 + 2H3As04 
K. IX'iss, Z. aiiorg. Chem., 146, 37.5 (1925) 


28 


iUMn{\sO,h:nuo 

M722 

By heating tlie crystals of manganic he.xahydrogen arsenic acid over 
the flame of a Bunsen burner (limanganesc pyroarsenatc is obtained. 

2Ii6Mn(As()4)3-3H2(> MiioA.soO, + 12 H 2 O -f 2 AS 2 O 5 + () 


I'^. Dciss, Z. anorg. ('hciu., 146, 36.5 (1925) 


..'H 
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KOH 


HgaAszOg 


1-1723 


Mercurous oxide is formed when mercuric pyroarsenite is treated with a 
solution of potassium hydroxide. 

2Hg2As205 + 12KOH ^ 2Hg20 + 2K3ASO, + 2K3ASO4 + 6H2O 

Iteichard: Bcr., 27, 1016 (1894) 


25 


HgaCAsOa) 


KOH 


1-1724 


A solution of mercuric orthoarsenite in potassium hydroxide undergoes 
decomposition as shown below. 

Hg3(As03)2 + 6 KOH + 2HgOH + 2 K 3 ASO 4 + 2 H 2 O 

A. Kaynoso, Conipt. Rend., 31, 69 (1850) ^ 


29 


KsAs 


H.O 


1-1726 


Potassium arsenide will react witli water yielding arsine, solid arsenic 
hydride and metallic arsenic. At higher temperatures the ai'sine and 
arsenic hydride formed are decomposed to metallic arsenic and hydro- 
gen. Similar reactions tak(‘ i)lace with sodium arsenide. 

(a) KVVs + 3114) -- II3AS + 3K()II 

(b) 2 K 3 AS + 01 LO ll->As, -f- OKOII -f 2112 


(c) 

(d) 

(e) 


2K3.\s + OILO ~> 2.As -f 0K(^n + 3H.> 

2Il3,\s — 2.Vs -|- (ill 
H‘>A.'^2 — ^ 2. Vs “h 2II 


H. RcckleOen and J. 8cheiber, Z. onoiK- C’lic'm., 70, 255 (1911) 


2S 


KoAs( ) 


M726 


A solution of potassium arsenite when electrolyzed deposited metallic 
ai*senic at the cathode and gav(‘ otY oxygen at the anode. 


(a) 

(L) 


.Vs(()K)3 + 6 — .Vs + (SOK) 
lOK + 21120 -> o. + (IKOII) 


J . I' n-dt ric :ind W. A, Millrr. Tnin.s, Roy. Soc. (L<»ikIoii ), 134, 6 ( 18-14 I 


W5 
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AgCl 


Ka/VsO; 


Although silver chloride is insoluble in potassium hydroxide it dissolves 
roaciily if some potassium arsenite is added. 

3AkCI -f KiAsOa ^ AgaAsOj + 3KC1 

A. Ueynoso, Coinpt. Itcnd., 31, 69 (ISoO) 


M727 


29 


IvaAsOa 


AgNO 


1-1728 


A\ htMi siUei nitrate was added to a solution of potassium arsenite yel- 
low silver ai-senite was precipitated. 

KjAsOa + SAgNOa -> AgsAsOa + ( 3 KNO 3 ) 

J . Frederic Daniell and W. A. Miller, Trans. Hoy. Soc. (London) 134, G (1844) 


105 


EsAsOa 


AgNO 


M729 


Upon th(* addition of ])otassium arsenite* drop i)y dr()j> to silver nitrate 
in a large excess of ammonium nitrate, a white jirc'cipitate of silver 
tetrarsenite is formed, with (*volution of ammonia. • 


4K3A.s( 43 + tiAgXOa + (iXI^XOa 

— ' ..VgcAs^Og + OXIJ3 + 12KX()3 -|- .SIIoO 
Girard, Coinpt. Uend., 34, 1)20 (1852) 20 


K3As()3 

CoCl:. 1-1730 

NH 4 C 1 


When potassium arsenite is {)our(“d into a solution of col)alt chloride 
dissolved in a large exce.ss of ammonium chloride, ammonia is given off, 
and an anu'thyst pr(*cipitate of colialt t(*trarsenite is formed. 

41 v,.\s03 + 3UoCh + (iXlIA’l Uo 3 A.s.(>a + OXII 3 + 12KC’l + 311,0 


Girard, Coinpt. Head., 34, 1)11) (1852) 


2!> 
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KjAsOa 

H 3 ASO 3 1-1731 

KI 

A white crystalline double salt is fonned Avhen potassium arsenite ex- 
actly neutralized Avith dilute arsenious acid is treated with potassium 
iodide. 

2K3ASO3 + 4H3ASO3 + 2KI 3AS2O3-2KI + (6KOH + 3H2O) 

J. Emmet: Sillim. J. Ser. K, 18, 58 (1830) 25 


K3ASO3 

HC 2 H 3 O 2 M732 

KI 

A double salt in the form of a white crystalline powder is made when 
potassium arsenite exactly neutralized with dilute acetic acid Ls treated 
with potassium iodide. 

6K3ASO3 + I8HC2H3O2 + 2K1 

^ (As203)3*2KI + (I8KC2H3O2 + 9H2O) 

J. Emmet: Sillim. J. Ser. 1, 18, 58 (1830) 

Ref., Ann., 228, 72 (1^5) 25 


K3 >Vs 03 

HgNOs 1-1733 

AgNOa 


Solid HgNOs is slowly dissolved in water and acidified with nitric acid. 
Silver nitrate is added to this and the solution is diluted, again acidified 
with nitric acid and potassium arsenite is added. This solution is again 
acidified and oxygen is passed through it at about 50°C. Crystals of 
silver mercurous areenate deposit. 

(a) (ICsAsOs + 2HgN03 + AgXOa ^ AgHgsAsOa -f 3KNO3) 


(b) ( 2 AgHg 2 As 03 + (O 2 ) ^ 2 AgHg 2 As 04 ) 

Jules Jacobsen, Bull. Soc. Chim., (4) 6, 948 (1909) 
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K 2 SO 4 


IvsAsOa 


Shining hexagonal crystals separated when 
sium orthoarsenite and potassium sulfate 


1-1734 

a solution containing potas- 
was evaporated. 


ICsAsOs + IOK 2 SO 4 ^ K 3 AsO 8 - 10 K 2 SO 4 

Stavenhagen, Z. anorg. Chem., 166, (1894) 

Ref., Ber.. 27, 335 (1894) 

25 


Rk2S20 


3 


ICsAsOa 


1-1736 


Crystals are formed when a concentrated solution of potassium arsenite 
reacts with a concentrated solution of potassium thiosulfate. 


KaAsOa + ICSzOa ^ KaAsSOa + K 2 SO 3 

R. F. Weinland and A. Gutmann, Z. anorg. Chem., 17, 409 (1898) 



K 3 ASO 3 


1-1736 

An impure potassium monothioar-senate is prepared by boiling precip- 
itated sulfur with a solution of potassium ortho-ai'senite and evaporat- 
ing in a vacuum over concentrated sulfuric acid. 


K3ASO3 + iS ^ K3ASO3S 

Weinland and Iluinpf: Z. anorg. Chem., 14, 42 (1897) 




K 3 ASO 3 


M737 


Wliite crystals are obtained hy heating a solution of potassium ortho- 
arsenite with sulfur. 


Iv3*\s03 + S -f- 2 H 2 O ^ K3As03S>21l20 

R. F. Weinland and O. Rumpf, Z. anorg. Chem., 14, 42 (1897) 28 


K 3 ASO 4 

AgNOa 1-1738 

A solution containing potassium arsenate and excess potassium hydrox- 
ide precipitates brick red silver arsenate when silver nitrate is added. 

K^As 04 + 3AgN03 ^ AgaAsOj + (SKNOa) 

J. Frederic Daniell and W. A. Miller, Trans. Roy. Soc. (London), 134, 0 (1S44) Wo 
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CdO 


K3ASO4 


i-1739 


Potassium cadmium arsenate forms when cadmium oxide* reacts with 
potassium ai'senate. 


2K3ASO4 -I- 2CdO ^ 2KCdAs04 + (2K2O) 

C. Lefcvre: Compt. rend., 110, 405 



ICaAs04 

CoO J.1740 

Potassium cobalt arsenate is formed when cobaltous oxide reacts with 
potassium arsenate. 

2 K 3 ASO 4 + 2CoO -> 2 KCoAs 04 + ( 2 K 2 O) 

C. Lefevre: Compt. rend., 110, 405 26 


FeCb 


KaAsO. 


M741 


Ferric arsenate is formed when ferric chloride reacts with pota.s.sium 
arsenate in the presence of potassium thio cyanate. 

K 3 ASO 4 + FeCti — FeAsth + 3KC1 


I'ranccschi : L’Orosi, 16, 192 

Hof.. Mctzkc: Z. anorg. Chem., 19, 157 (IS99) 25 


K.i-Vs ()4 


FeCl 


1-1742 


Ferric acid arsenate is formed when ferric <-hloride reacts with dipotas- 
sium acid arsenate in tin* prescnct* of potassium thiocyanate. 

3K>HAs() 4 + 2F(‘(’l:i -* I'V2(I1 As() 4).3 + (iKC’l 

rraiice.srhi, I/Oro.si, H<4I. cliitn. farm. 15, 192 UJ.j 
Hof.. Metzke. Z. anorg. C’lioni., 19, 4.37 (1899) 


25 


IV3.V.''t h 


H.F. 


1-1743 


Pointed rhoml)ic crystals arc ol)tainc(l wheat potassium arsenate is dis 
solved in a limited amount of hytlrofluorie acid. 

K3As()4 + 3H,>F2 ^ As(.)F 3- KF-H,.(-) + (IvF,. + 2H.>()) 

C. Marignac, .Vnii., 146, 250 (IS6S) 


25 
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HoF. 


I^As04 


1-1744 


Rhombic ciystals arc obtained when potassium ai-senate is dissolved in 
an excess of hydrofluoric acid. 

IV3ASO4 4 - 4H2F2 — ^ AsFs-KF 4- (4H2O 4 - 2 KF) 

C, Mari^nac, Ann., 146, 240 (1S6S) 


I 


MgO 


IV3ASO4 


1-1746 


Potassium magnesium ai’seuate originates when magnesium oxide re- 
acts with potassium ai'senate. 

2 r': 3 As 04 + 2Mg() ^ 2KMgAs()4 + 2 K 2 O 
C. Lofevre; Coinpt. rend., 110, 405 




MnO 


NsAst )4 


M746 


Potassium mangan(*se arsenate lurins wIkmi manganous oxid(* reacts 
with potassium arsenate. 

2K3As() 4 4- 2.MnO ^ 2K.MnAsC)4 + (21v>(J) 

C. Lefevre: Compt. reiul., 110, 405 


25 


mo 


KaAsCh 

1-1747 

Potassium nick(‘l arsenate forms when nickel oxide reacts with potas- 
sium arsenate. 


2K3.\s()., 4- 2Xi() -> 2KXi.\s()4 + (2KoO) 


C. Lefevre: Coinpt. rend., 110, 405-4(KS 


25 


KaAsO-i 


ZnO 


1-1748 


Potassium zinc ar.'<enate foi'ins wlien zinc oxide reacts with potassium 
arsenate. 

2K3As().i + 2Zn<) -> 2KZnAsO, 4* ( 2 K 2 O) 

C. Lefevre: Coinpt. r<Mid.. 110, 105 


25 
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K4AS2O6 


NiClg 

NH 4 CI 


M749 


Upon rapidly adding potassium pyroarsenite to a solution of nickel 
chloride dissolved in a large excess of ammonium chloride, the solution 
becomes blue at first, giving off ammonia, and then a white precipitate of 
nickel tetrarsenite is formed. 

2I^As 205 + SNiCU + 2NH4CI + 3H2O 

^ Ni3As409‘4H20 + 2NH3 + 8KC1 

Girard, Compt, Rend., 34, 919 (1852) 


K3ASS3 

Mn(N03)2 M760 

A concentrated solution of potassium thioarscnite reacts with man- 
ganous salts precipitating a granular, rose colored precipitate of potas- 
sium manganous thioarsenite. 

(K3ASS3 + Mn(N03)2 KMnAsSj + 2KNO3) 

WunclicndorfT and Valier, Bull. Soc. Chim., (4), 61, 1531 (1932) St 


KzAs^z 

Mn(N03)2 M761 

A dilute solution of potassium thioarsenite reacts with a solution of 
manganous nitrate to produce a rose colored amorphous precipitate of 
manganous thioarsenite which is readily oxidized. 

■ (2Ii3AsS3 + 3Mn(N03)2 lMn3(AsS3)2 + 6KNO3) 

Wunchendorff and Valier, Bull. Soc. Chim., [4], 61, 1530 (1932) St 


K3ASS3 

Pb(N03)2 1-1752 

When a dilute solution of potassium orthothioarsenite is added to a 
solution of lead nitrate brown-maroon amorphous lead orthothioar- 
senite precipitates. 

(2K3ASS3 + 3Pb(N03)2 ^ Pb3(AsS3)2 4- 6KNO3) 

Wunschendorff and Valier, Bull. Soc. Chim., (4), 61, 1530 (1932) 
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Pb(N03)2 


K^AsSj 


1-1763 


If a concentrated solution of potassium orthothioai-senite is added to a 

solution of lead nitrate yellow-orange prisms of potassium lead tliio- 
ai-senite form. 

(K3ASS3 + PbCXOs).. KPhAsSs + 2rvN03) 

Wuncheiuiorff and Valior, Bull. Soc. Cliim., (41, 61, 15:W (1932) 


H2O 


IV3 As(S 203)3 

1-1764 

Arsenious acid Ls formed through hydrolysis when tripotassium-arsenic 
thiosulfate is dissolved in water. 

K3As(S203)3 + 3 H 2 O 5^ HaAsOa + K'3H3(S203)3 
F. Foerstor and G. Stiilnncr, Z. anorg. Chem. 206. 1 (1932) 28 


K3 As(S 203)3 

(H 2 O) 1-1766 

By boiling potassium arsenic thiosulfate with water aisenic trisulfi(I(‘ 
and potassium trithionate are obtained. 

2IV3As(S203)3 — > AS 2 S 3 -f- 3 KjS3()6 

J. V. SziUgyi, /. anorg. CIicmu., 113, 75 (1920) >8 


K3 As(S 203)3 


1-1766 


Arsenic tiisuHidc is obtained by the dry distillation of pota.ssium arsenic 
thiosulfate. 

2K3.Vs(S203)3 — A.S 2 S 3 + 3K2S(h + 3S<)2 -h 3S 

J. V. Szildgyi, Z. anorg. Clicin., 113, 75 (1920) 


KIU.VsO,.),. 

AgN03 I- 

A precij)itate is fornual wlien silver nitrate* is add(‘d to a solution of po- 
tassium hj’drogen metars(*nite. 

2KH(As 02)-. H- (iAgXOa + UJ) 

2I\Xt).( 411X0;) -f- 2.\,g,-j.-Vs( ) { 4“ As_>t)( 

Reichard: Her., 27. 1019 (1S91) 


1-1767 
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KH(As02)2 

AL(S04)3 j. 

An aluminum arsenite forms when a saturated solution of aluminum 
sulfate reacts with potassium acid meta ai'senite. 

2KH(As 02)2 “h AI>(S04)3 “h H 2 O 

— > K2SO4 “h AsoOa T 2H2SO4 + 2AIASO3 

Koichard: Ber., 27, 1019 (1S94) 


1-1768 


AuCla 


KH(As02)2 


1-1769 


A gold arsenite is obtained when a concentrated solution of auric 
chloride reacts with potassium hydrogen metarsenit(‘. 

2 KH(As 02)2 -h 2AuCl3 -h H2O -> 2AuAs02 + (2KC'l + 4IICI + AsoOs) 

Reichard, Bcr., 27, 1019 (1894) 


KII(As 09)2 

Ba{N03)2 I- 

A white flocculent prwipitate of barium pyroarsenate is obtained 
when a solution of barium nitrate reacts with potassium hydrogen 


M760 


metai’senite. 


2KH(As 02)2 + Ha(N().,)2 2KXO3 + + ILO 

Reichard, Ber., 27, 1019 (1894) 


KH(As02)2 

(C2H302)2pb I- 

A lead arsenite is formed when lead acetat(‘ in solution reacts with 
potassium In^drogen metarsenit('. 

2KH(As 02)2 + 2(C’2ll3(X>)2Pb 

PboAsot h + As2(.)3 + 2C2H3(XK + 2HC2H3O2 

Reichard, Ber., 27. 1019 (1894) 


M761 


1 v1I(As()2)2 


CaClo 


M762 


A precipitate of calcium tetrarsenitc' forms wlum a conccait rated solu- 
tion of calcium chloride reacts with potassiiun hydrogen metarsenite. 

2KH(As(),.) 2 + SCaCb + ll20-> 2KC1 + 4HC1 + ( VVs.f^ 

Reichard, Ber., 27, 1010 (1894) 
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CdSO 


K1I(As02)-. 

' M763 

A ^^hite, slimy precipitate of cadmium diai'senite forms when cadmium 
sulfate reacts with a solution of potassium hj^drogen metai*senite. 

2KII(As 02)2 + 2CdS04 AsoOg + K 2 S 04 + H 2 SO 4 + CdoAssOs 

Kcicharcl, Bor., 27, 1019 (1S94) ^5 


KII(As02)2 

Co(N03)2 1-1764 

A precipitate, cobalt tetrai'senite, is formed when a solution of cobaltous 
nitrate reacts with a solution of potassium hydrogen metarsenite. 

2KH(As() 2)2 + 3ro(X()3)2 + H 2 O ^ 2KX()3 + 4nX03 + Co3As4() o 

Uciclmrd, Bor., 27, 1019 (1894) 


KH(As02)2 


Cr2(S04)3 


M766 


A dark green precipitate^ of chromic ai'scnite forms when a concentrated 
solution of chromic sulfate is heated to 100° with a concentrated .solu- 
tion of })otassium hydrogen m(*tars(*nit(‘. 

2KII(As() 2)2 + (’r2(S()4)3 + H-jO 

— > K,S()4 4- AssOa + 21l2S()i + 2CrAs<)3 

Uciclmrd, Ber., 27, 1019 (1894) 


25 


KIlfAsOo)-. 


CUS 04 . 


1-1766 


H.O 


A bright green amorj)lu)Us copper j>vroar.senite is obtained when a 
dilute copi>ei- sulfate solution is jn-ecipitated with potassium hydrogen 
metarsenite. 

2KI1(As() 2)2 1 2( 'uS( ),| ■ As2< ).( + ('U2AS2(45 + K 2 SO 4 + lIoSO.! 


Hloxain, J. (.'licin. Sue., {London), 16, 281 
Kef.. Kcirliard. Her . 27. 1019 (1891) 
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KH(As 02)2 


FeCL 


A yellow precipitate of ferric arsenite is foi-med when a solution of ferric 
chloride reacts with potassium hydrogen metaisenite. 

2 KH(As 02)2 + 2FeCl.-) + H 2 O 2KC1 + AS 2 O 3 + 4HC1 + 2FeAsO; 

Reichard, Ber., 27, 1019 (1894) 


1-1767 


S5 


KH(As 02)2 

HgClj j.jygg 

A yellowish white mercury diarsenite is obtained when a dilute solu- 
tion of mercuric chloride is treated with potassium hydrogen metar- 
senite. 

2KH(As 02)2 + 2HgCl2 ^ HgzAsaO s + AS 2 O 3 + 2KC1 -h 2HCI 

25 


Reichard, Ber., 27, 1019 (1894) 


KH(As 02)2 

HgNOs M769 

A yellowish pr 6 ?cipitate ot a mercurous mctarsenite is obtained when 
mercurous nitrate solution is added dropwise to a solution of potassium 
hydrogen mctarsenite. 

2KH(As 02)2 + 2HgN03^2KNO3 + As.Oa + 2HgAs02 + H 2 O 

Reichard, Ber., 27. 1019 (1894) 95 


KH(As 02)2 

MgS04 M770 

A magnesium ai’senite is formed when a concentrated solution of mag- 
nesium sulfate is added dropwise to pota.ssium hydrogen mctarsenite. 
2 KH(As 02)2 -H 3MgS04 H- H.O 

^ AS 2 O 3 + K 2 SO 4 + 2 H 2 SO 4 + Mg 3 (As 03)2 
Reichard, Ber., 27, 1019 (1894) 25 


KH(As 02)2 

MnS04 1-1771 

A snow-white curdy precipitate of manganese tetrarsenite is formed 
when a dilute solution of manganous sulfate reacts with potassium 
hydrogen mctarsenite. 

2KH(As02)2 + 3MnS(l4 + M 2 O ^ K 2 SO 4 + 2 H 2 SO 4 + Mn3A3409 

Reichard, Ber., 27, 1019 (1894) 25 



ARSENIC^ 


439 


NiCNOs) 


KM(As02)2 

\ 1-1772 

A blight gieen precipitate of nickel tetrai'senite is formed when nickel 
nitiate is tieated with potassium hydrogen metai'senite. 

2KH(As 02)2 + 3Ni(N03)2 + H.O - 

Ueichard, Ber., 27, 1019 (1894) 


2KNO3 -b 4HNO3 + NisAs^Oft 


£6 


Pb302(C2H302)2 


KH(As02)2 


1-1773 


Lead ai'senite is formed when potassium hydrogen metai'senite is 
treated with a solution of a basic lead acetate. 

2KH(As 02)2 + Pb302(C2H302)2 

2kC2H3()2 + AS 2 O 3 + Pb3(As03)2 + H 2 O 

Reichard, Ber., 27, 1019 (1894) 


PdCh 


KH(As02)2 


M774 


A Ijright yellow flocculent precipitate of palladium diai'senite is formed 
when a slightly acidified solution of palladium chloride reacts with 
potassium hydrogen metai'senite. 

2KH(As() 2)2 + PdCh 2KC'l + 2IIC1 -f- As.Oa + PdAs^C^s 

Ueichard, Ber., 27. 1019 (1894) 


£6 


KFRAsO.). 

PtCh M776 

A bright yellow heavy precipitate of platinum diai'senite is formed 
when a solution of platinum tetrachloride reacts with potassium hydro- 
gen metansenite. 

2KII(As 02)-. + l^tC’l., -> As^Oa + 2K(’l + 2H('l + PiAsAh 

Ueichard, Ber., 27, 1019 (1S94) £6 


KIUAsOo)-. 


SnCl 


M776 


white curdy precij)itat<‘ of tin t(‘trar.';(‘nite is ol)tain(‘d when a solu- 
tion of stannous chloride' reacts with potassium hydrogen inetars(‘nite. 

2KI I (As( + 3Sn('U + H-jO — > 2K('l + llK'l -f SibAsdh 

Ueichard, Ber., 27, 1019 (is9l; 


£5 
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KH(As 02)2 


SnCU 1-177^ 

A tin ai’sonate is formed when stannic chloiide reacts with a solution of 
potassium hydrogen metai'senite. 

2 KH(AsOo )2 + SSnCh + 8H2O 2KC1 + 18HC1 + Sn5(AsOd4 

Rcichard, Ber., 27, 19 (189-1) 


KHCAsO.). 

Sr(N03)2 1-1778 

A Hocculent precipitate of strontium tetrarsenite is formed when con- 
centrated solutions of strontium nitrate and potassium hydrogen 
metai'senite react. 

2KH(As 02)2 + 3Sr(N03)2 + H.O ^ 2KNO3 + 4HXO3 + Sv^As^Os 

Reichard, Bcr., 27, 1019 (1894) 25 


KHfAsOiOi' 

Ti0S04 1-1779 

A titanium arsenate is obtained if a neutral solution of titanyl sulfate 
is treated with an excess of potassium hydrogen metarsenite. 

2KH(As 02)2 + 5Ti0S04 + .SH.O ^ KoS()4 + 4 H 2 SO, + Th(A^A 

Reichard, Ber., 27, 1019 (1894) 25 


KH(As 02)2 

UOsCNOs). 1-1780 

4 

\ bright yellow precipitate tornis when a solution of uranyl nitrate 
reacts with potassium hydrogen metai'senite. 

2 KH(As 02)2 + 2r02(X()3)2 

— U(42As 2C3 4- (2KX()3 + 2HX()3 + As^Oa + r04) 

Rcichard, Bcr., 27, 1019 (1894) 25 


KHCAsO.), 

ZnSO, 1-1781 

A crystalline precipitate of zinc arsenite was foimed when a solution 
of zinc sulfate was treated with potassium hydrogen metarsenite. 

2 KH(As02)2 + 3ZnS04 + H.O 

> 1X2804 2H2S()4 -f" AS2O3 ~h Zn 3 (As 03)2 

Rcichard, Ber., 27, 1019 (1894) 
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FeCl3 


KII2ASO4 


M782 


FtMTic hydmgL'ii ursc'iiatc is lornu'd 
potassium (lihy<li()p;(Mi ai-sonato in 
cvaiiatc*. 


wiicn I’enic fliloride roactvS witli 
tlu' presence of potassium thio- 


SKIIjAsO, + 2FcCl:, — 1V,(11 As()A 3 + 3KC'l + 3HC'l 


Franccsclii, I/Orosi Holl. rliiiu. farm.. 16. \\)-2 
Hof., Motzko, Z. aiun-ji. Ciiom., 19, -457 (ISOO; 



KH-jAst >4 

KioWisOit 1-1783 

A comph'X .-^alt is obtaiiunl wlieii j)otassium diliydrogen arsenate in 
solution reacts with ])otassium dod(‘catungstate. 

4Kn.jAs()4 + KiAVi.On + 3H4) 

2(A.<,.()5*(\V(»„-(K2<))3-3n..()) + 2K()H + 120-. 

. (.iil)l)s, Pruo. Am. Acad,, 16, 1X1 

Hof., Ann., 245, 50 (ISSS) / 


KIbA.sl >4 

M 0 O 3 1-1784 

A crystalliiu' pi'ccii)itatc is 1'orim‘d when molybdenum trioxide retiets 
with a boilinji; solution of potassium diliydrojiien arsenate'. 

(lMo(b + 2Kll2As()., + — K..OAs:.(b(Mo<).0 r.on 2(_) 

C. Friodhoim, Z. anor^, C'hcm.. 2, XU (1S‘>21 28 

KIbAst >1 

PbCNOa). 1-17Q6 

Lc'ad hvdroj*;eii arsc'iiate I'esults wlu'ii a solution ot potassium dihy- 
drof^en arse'iiate* I’caets with a solution ot le'ad nitrate'. 

Pb(X(b),. + KlljAsO, — ^ I’bllA.^), + KXO.t -h lIXO.t 

McDonnell ami Smith, •! . .\m. (’hem. Soe.. 38, 2n2S (l'.)Ui) 1 


Klh.A.M >4 

PbfNOa). i-nsQ 

bead hydrojieii arsenate wa.'^ pr(*eipitat(‘d 1>\ the addition ot a solution 
of lead nitrate to a solution of potassitim dihydrogen arsenate, the 
latt('r Ix'ing in slight exee'ss. 

2Kn,.As<), -t PI){X(b):' FbllAsO, -\ 2KX<b + If:, .Vs*), 

H. Uoark, .t , . 3. XX2 (1H20) 


/ 
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KH2ASO3S 


KOH 


M787 


Largo colorless, prismatic, veiy hygroscopic crystals of pure dihy- 
drated potassium thioarsenate are prepared by dissolving potassium 
dihydrogen thioarsenate in concentrated, carbon dioxide-free potas- 
sium hydroxide. By evaporating over concentrated sulfuric acid the 
pentahydrated salt is obtained. 


KH2ASO3S + 2 KOH — > ICsAsOsS • 2H2O 

Weinland and Rumpf, Z. anorg. Chem., 14, 42 (1897) 



K2HASO3 

K2S2O3 1-1788 

Crystals are formed when a concentrated solution of dipotassium 
hydrogen arsenite reacts with a concentrated solution of potassium 
thiosulfate. 

K2HASO3 + K2S2O3 K3ASSO3 + KHSO3 
R. F. Weinland and A. Gutmann, Z. anorg. Chem., 17, 409 (1898) 2B 


K2HASO4 

H2S M 789 

Colorless crystals of potassium oxythioarsenate arc obtained when 
hydrogen sulfide is passed into a saturated solution of potassium 
hydrogen arsenate. 

2 K 2 HASO 4 + 3 H 2 S K20-As 2S203-2H2O + (KsS + 2 H 2 O) 

Bonquet and Cloez, Ann. Chim. Phys., (3l, 13, 44 

Ref., K. Preis, Ann., 267, 178 (1890) 25 


KMnAsSa 

Air 1-1790 

Potassium manganous thioaiseiiite is unstable and breaks down in the 
presence of air according to the equation: 

(.SKMnAsvSj ^ Mn3(AsS3)2 + I^AsSa) 

WunclicndorlT and Valier, Bull. Soc. Chim., (4], 61, 1531 (1932) 



ARSENIC 


443 


O 


^Ik(AsO...).. 


M791 


i\Iagnesium metai’sonito is partially oxidizofl to magnosium ai-sc'iuitc 
when ignited on a platinum foil. 

3Mg(As02)2 + 302 ^ Mg3(As04)2 + (2AS2O5) 

Simon, Ann., 23, 2S3 (1837) 


/ 


HCl 


Mg2As2()7 

1-1792 

Magnesium pyroarsenate is eonv(‘rted into the corrt’sponding acid when 
heated in a stream of liydrogen cliloritle. 

Mg2As207 + 4IIC1 -> 2MgC’l2 + lI^ASoO; 

Smith and Ilibbs, J. Am. Cliem. Soc., 17, 6H4 (1895) 


1 


SO 

HI 


MgAsC2H503 


M793 


To an a(iueous solution of magnesium acetoarsine 10 grams of iodine are 
added and a current of sulfur dioxide* is ])assed through the solution 
for several hours, (a). A canary yellow precipitate* of eliieKlo(*thylai'sin(* 
is formed, (1>). Hyelre)gen ie)iliele is respemsilile* fe)r the formation of 
ethvldiiode)ai*sine. 


(a) 

(b) 


MgAsCMUOa* + SO 2 AsCWW + MgS04 

AsC’.hRO + 2111 ^ As(’..Ihh + H-O 


Alex. M(‘I\(*nzi(* andJolin I\ . Wood, .1 . ( 'lK*ni. Soc., ( Loiulon) , 117, -107, 408 (1920) 


i8 


MgXH4As()4 


Na^CO 


1-1794 


Magne'sium ammemium arsenate* elee-e>mposes upe)n heating te> yield 
magne*sium arsenate*, (a), wliieh iii turn re*ae'ts with sodium carl)onat(* 
to yi(‘hl the* douhle* salt shown in (b). 

(a) 3MgMI,As()4 Mg.3{As()4)2 + {(XH4)3As()4) 

(b) Mg:.(As(> 4)2 + Xa2(’<)3 2XaMgAs()4 + MgC’Oa 


H. Hose, I’onK- Ann., 77, 300 
Ref., Ann., 72, 259 (18-19) 
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FeS04 

H0SO4 


jMne^A'^ioOse 




4'he product of the reaction between ai*senious acid and permanganic 
acid reacts with ferrous sulfate in sulfuric acid solution according to tlie 
following equation: 

MruAs.oO^fi + 10FeSO4 + 5H2SO4 

> ^MneAsioOai + 5Fe2(S04)3 + 5 H 2 O 

J.. Bortiaux, Bull. Soc. Chim. [IVJ, 36, 1341 (1924) 5 ; 




1-1796 


Calcium duoarsenate is formed when calcium fluoride reacts with am- 
monium arsenate. 


2(XH4)3As() 4 + ICaFo 2 Ca 2 FAs 04 -f- (3(XH4)2F2) 


\. Ditto, Coinpt. rend., 99, 967 
Ref., Bor., 18, 4 (1885) 



(XPl4)3As(J4 


MnBr. 


M797 


Manganese bromide arsenate is obtained as prisms or long transparent 
needles when ammonium arsenate* is me'lted with a large excess of man- 
ganous bromide. 


2(XH4)3As() 4 + 4MnBr2^ ((iXlT.Br) -j- MnBr 2 -Mn 3 (As 04)2 

.V. Ditto, Compt. rend., 96, 846 

Ref., Bor., 16, 1097 (1883) 25 


(XH4).3As()4 

MnCNO^)- M798 

W hen ammonium ar.'^enate is treated with a manganese salt for .'several 
(lays at a temperature of 100°, a crystalline salt is formed. 

fXH4)3AsO, + ^rn(X()3)2 + 2H2() 

^ .MnMAs()4*2Ho() -f 2X114X03 + XH3 


•(‘•2Mn(),FlO,.V.^O5-2H(0”) 
II. Debray, Compt. rend., 69, 43 (1864) 


29 
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M799 


AiMMiic p('utasvilfid<* toniis wIumi a inixlurt' of aniinonium arscaiato and 
iluoarsonato is tivattal with hydrochloric acid. 

(1(NH.,)3As(') 4 + lOiXIId^AsS., 4- -ISIICl 

^ 5As,S 5 4- (Hl3As0.i 4- 15II.,S 4- 48Xir4('l 

L. Vanino aiul C. (tncbcl. Z. anal. Clicin., 40, 5S0 (lOOI) 


^5 


(NHA.iAsS.t 

HCl 


(X 11 d.'jA-*^^ hi 


M800 


Ars('nic ti'isiilfid(‘ |)rccipitat(‘s wlicn a nii.\tnr<‘ of ainiiioniuin arscaiitc 
and thioarscnit(' is trcatcal with hvdrocliloiic acid. 

(a) KXIId^AsO., + -UXII,):iAsS:. 4- 2III('l 

2As,S:; 4- (111,8 + lII:,A.-^(h +2tXll4C’l 


— -k 


(1.) 


1 1 1.<A.'*( );{ 4“ 2.\s,8.3 4” 121I,() 


L. \’aniiu» and (Iriidxd, Z. anal. (’Iictn.. 40. .">S‘) 


25 


(XIld:iA.-(>i 


ZniNO,): 


M801 


When aniinonium aisciiatc is tn-ated with an excess of a zinc salt for 
al^out liv(‘ days at 101)°, a ci vstalline salt is ol»tain(‘d. 

(Xll 4 ):..V'^<), + ZnfXth), + 2\\^) 

ZnII.\.-(h-21I,() + 2XIUX()3 4- XH^ 

(‘■2Zn(),II().As():,-2II()"} 

II. Debray, ('tunpt, lend.. 69, \'5 (IMJI) 


J!) 


(XII,).,.\sO,- l2Mo( ), 

SnCl, 1-1802 

Ui'duction of molvhdoai>eriale Uy -tannous (ddoridi- in {lilute acid 
solution pro<Iuce.'^ a blue coloration, inolvhdenuni hha*. 

( X 1 1 d.i.V't b ! 2.M<i( h 4 Sn( 1, • • molybdenum blue” 


Dcnifics. ('i)inj>t. irnd . 171, soj (I'.iJU) 

Hof.. \ Tnio'C and .\ 11 .\l' \ .a . I tnl l ai z < licin,. .\nal lei . 1. f I'.iJ'* 


• H 
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(NH4)3As03 



M803 


Aisenic trisulfide precipitates when a mixture of ammonium arsenite 
and thioarsenite is treated with hydrochloric acid. 


(a) 4(NH4)3 AsS3 + 4(NH4)3As03 + 24 HC 1 

^ 2AS2S 3 + 6H2S + 4H3ASO3 + 24NH4CI 


(l^) 4H3ASO3 + 6H2S ^ 2AS2S3 + 12H2O 

L. Vanino and C. Griebel: Z. anal. Chem., 40, 589 (1901) 





(NH4)3AsS3 


M804 


Ammonium thioarsenate is formed when an aqueous solution of am- 
monium thioarsenite is digested with precipitated sulfur under 
pressure. 


(NHOaAsSa + 8 -> (NH4)3 AsS4 

Weinland and Rumpf, Ber., 29, 1008 (1896) 

Ref., J. Chem. Soc., (London) 70, 473 (1896) 26 


(NH4)3AsS4 

(NH4)3As04 M806 

HCl 

Arsenic pentasulfide lorms when a mixture of ammonium arsenate and 
thioai’senate is treated with hydrochloric acid. 

10 (NH 4 ) 3 AsS 4 4 - 0 (NH 4 ) 3 AsO 4 + 481101 

5 AS 2 S 5 -h GH 3 As ()4 + I 5 H 2 S + 48 NH 4 GI 

L. Vanino and C. Griebel: Z. anal. Chem., 40, 589 (1901) 


{yH,hH\s(h 


FeCl 


M806 


A white precipitate is formed when a hot solution of diammonium ar- 
senate is added to a solution of ferric chloride, made acid with hydro- 
chloric acid and the solution heated. 

FeC'h + 2 (NH 4 ) 2 HAs 04 XH4H2As0i FeAs 04 -h SNILCl 

L. J. Curtman, J. Am. Chem. Soc., 32, 627 (1910) 


/ 



AllSENIC 


447 


NH4VO3 

HsAsOj 


(NH4)H2As04 


1-1807 


A double compound is iormed wlicn ammonium vanadate is allowed to 
loact with ammonium diiiydm^en arsenate and ai'senic acid. 

(KNH4)H2As 04 4- 4NH4\'()3 + 2H3As(h 

-> ((NH4)4))6-(V206).>-4AS205 -h 0H2O 

C. Friedheim, Ber., 23 . 2600 (1800) 


(XHdII.AsOj 

V 2 O 5 1-1808 

A double compouml is formed when \ anadium pentoxide is allow'od to 
react with ammonium dihytlrogen ai*senate. 

10(NH4)H2 AsO 4 + 2V0O5 

* 2H3Ast)4 4“ (XH4)20)5- (VsOs)* • 4 AS 2 O 6 4“ 7 H 2 O 

Friedheim, Ber., 23 , 2600 (1890) 2S 


(NH3)2H6A.S2M0t029 


AgNO 


1-1809 


When the above complex salt is treated with an excess of silver nitrate 
a clear yellow silver ai'scnomolybdate is form(*d. 


(NI43)2H6AS2M07020 4" bAgX()3 


2XIl4X(.)3 4- Ag6As>M07()29 4- 4HX()3 


II. Seyherth, Ber., 7, 310 (1874) 


11 


Ba(N03). 


(XIl3)->Il6As..MO7()20 


1-1810 


When the al)Ove coinpl<*x salt 
cipitate is formed. 


is treated with barium .salts a white pr(‘- 


(XH3)oH6As..Mo 7()29 4- 3Ha(X(.)3)2 

2X114X03 4- Ba3As2Mo7029 4- 411X0., 


II. Seyberth, Ber., 7, 301 (1874) 
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(NPL) 2 Mo 04 • 5M0O3 • AS2O5 • 4H2O 

Aqua regia 1-1811 

Acjua regia reacts with ammonium ai-senomolybdate to form the free 
acid wiiicli is a white crystalline compound. 

((NH4)2A[o04-(Mo03)5-As205-4H20 + IIH2O + 2HNO3 

(Mo03)6-AS205-1GH20 + 2NH4NO3) 

II. Debrav, 

Hef.: A. Henninger, Bor., 7, 820 (1874) n 


NaAsC)., 


AgNO 


M812 


A yellow precipitate i.s formed when a solution of sodium metarscnite 
is treated with an excess of a solution of silver nitrate. 

4 XuAs ()2 + (>AgN03 + ILO -> Agfi^Og + dXaXOj + 2HXO3 

C. KeichanI, Ber., 31» 2163 


25 


CH 3 COOCH 3 


X^aAsOo 


M813 


AVhen a .solution of sodium metanscuiite and methyl acetate are mixed, 
the jn-oduct of hydrolysis of the inetar.senite saponifies the ester. The 
hydrolysis proceeds to about 1.4%. 

(a) XaAsO. + 2II2O ^ XaOH 4- As(()II)3 

(b) ClhCOOClh + XaCH -> ClUOil -f CILCOOXa 


.1. K. Wood. J. C’ljoni. Soc*., 


(Lotidon). 93. 41o MOOSi 



Xa.VsO 


CdS04 


M814 


A whit(‘ Hocculent pr(*cipitat(‘ of cadmium i)yroars(‘nite is foimed when 
a solution of sodium metarscmitc' is treated with an excess of cadmium 
sulfate solution. 

2 XaA .-^02 + 2CdS()4 + ILO ^ CVl2A^5 + Xa2S04 + H 0 SO 4 
C. Itoichard: Ber., 31, 2163 (1898) 


25 
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^ V NaAs02 

Co(N03). 

A b ue compouud is obtuin.d u h.n u solution of cobaltous nitrate is 
tieated with an excess of dilute sodium metarsenite solution. 

2NaAs02 + 2 Co(N 03).> + HjO -> C'oaAsoOs + 2NaN()3 + 2HNO3 

C. Rcichard: Bor., 31. 2163 (1898) ' 

« « « « • 

NaAs(42 

M816 

A bright green amoiphous prt'cipitate of copper pyroaVsenate is 

foimed when a solution of sodium arsenite is treated with an excess of 
a solution of copper sulfate. 

2NaAs02 + 4 CuS 04 + SHaO -> C^nAs^O? + Na 2 S 04 + 3 H 2 S 04 

C. Reichard: Ber., 31, 2163 (1898) ^5 


FeS04 

O 


XaAs02 


1-1817 


A bright green voluminous precipitate, clianging into a yellowish-red 
color in the air, is formed when a solution of sodium metarsenite is 
treated with an excess of ferrous sulfate solution. 

2NaAs02 + 4FeS04 + 20 + 3 H 2 O Ftv^o + Na 2 S 04 -h SIToSO, 

C. Reichard: Ber., 31, 2163 (1898) 


2S 


XaAsfb 

HgCl. 1-1818 

A white precipitate is formed when a solution of sodium metarsenite 
is treated with an excess of a concentrated solution of mercuric chloride. 

2NaAs02 4“ oHgC'l-j + 41120 — * Hg 5 (.\s 04)2 + 2NaCl + 8H('l 

C. Reichard: Ber., 31, 2163 (1898) 


XaAsOj 


h 

Na2C03 


M819 


In presence of a carbonat<*, iodine and arsenite react to form arscnati 
and iodide. 

To "b Xa.VstJo 4“ 2Xa2(- O3 — > Xa3.'Vs04 4" 2XaI 4“ 2C’02 

J. E. Mackenzie an<I II. Marshall, J. Chetn. Soc., (London), 93, 1728 (19()8i 


o7 
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NaAs02 

MnS04 1-1820 

A white precipitate which soon becomes red and finally brown is 
iurmed when a solution of sodium metarsenite is treated with an 
excess of a solution of manganous sulfate. 

2NaAsO, + 5.MnS04 -f dH.O ^ Mn5(As04)2 + NaoS04 + dHoSOj 

C. Heichard: Ber., 31, 2163 (1898) 25 


NaOH 


NaAsOo 


M821 


Na2FeNO(CN)5 


A solution of sodium iiitroprusside will give ciuaternary sodium nitro- 
prusside which in turn will react with a solution of .sodium .ai*senite 


yielding needles of vellow color. 


(a) NaJ‘VN()((L\)5 -h 2Na()lI Na4FeN()..(CN)5 + H/) 

(b) Nad'eNOAC'N)^ + NaAsO,. + lOHd) 

-> Xa4FeA.s(),(('N)5- lOIfd) + NaNOa 

K. A. Hoi'niann, Z. Aiiorg. Chcin., 12, 146 (1806 ) 28 


Na^S.. 


NaAsC)-> 


% 

1-1822 


C’rvstals of sodium dithiodioxvarsenate are 
concentrated solution of .sodium metai-senite 
centrated solution of sodium disulfide*. 


obtained when a vciy 
reacts with a ^'cry con- 


(a) .SNaAsOs dNa^S^. — > 2Na3As()3 + NasAsSs + NaoS^ 

(b) NaaAsSa + 2Na3As()3 + — *> Na3AsS4 2 Na 3 As 03 S + Na2S2 

(c) NasAsOsS -h NaoS^ + H-d) ^ NajAsO^S. + 2NaOH -b S 

It. P. tVeinland and O. Kunipf, Z. aiiorg. Chem., 14, 42 (1897) 


28 


NaA.s( )> 

Na5S40i; 1-1823 

An alkaline solution of sodium metarsenite reacts with sodium tetra- 
thionate to form: sodium sulfite, sodium arsenate, and sodium mono- 
thioarsenate. 

Na2*^40G ~\~ SNaOH 3NaAs02 

^ 2Na2S03 + Na3As()4 + 2Na3As03S + 4H2O 

J. O. ■Nlackenzio and H. Marshall. .1. ('horn. Sor.. (T/ondon'). 93, 1728 0908) 


102 
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Ni(N 03 )« Na.-VsO: 

1-1824 

A bright peon precipitate of nickel orthoarsenite is obtained when a 
solution of nickel nitrate is treated with an excess of sodium inetarsenite. 

2NaAs02 -f SNifXOs)- + 2 H 2 O XiafAsOs^-b 2XaXOa + 4HXO., 

C. Reichard: Ber., 31, 2163 (1898) 


Pb(N03)2 


XaAs( ). 


M825 


A heavy white precipitate ot lead orthoarsenite is formed wlien a 

solution of sodium metarsenito is treated with an excess of lead nitrate 
solution. 

2XaAs()2 + 3PI)(X()3). + 2H4) PMAsth). + 2XaX()., + dHXO^ 

C. Reichard: Bcr., 31, 2163 (1898) ^5 


SnCl. 


XaAsO,. 

M826 

A white curdy precipitate of stannous orthoarsenite is formed when a 
solution of sodium metai-senite is treat(‘d with an excess ofstannous 
cliloride solution. 


2XaA.s02 + 3Sn(’l, + 2114) ^ Sn.dAs 03)2 + 2Xa('l + 4H('l 
C. Rcicliard: Bcr., 31, 2163 (189S) 


^5 


XaAs( ),. 

SnCh * M827 

A voluminous yellowisli white priaapitate is formed when a solution of 
sodium metarsenit(* is treated with an excess of a .solution of stannic 
chloride. 

2XaA.s{), + TSnCh + 13H4> Sn7A.s.,0,7 + 2Xan + 20HC1 

C. Reichard: Bcr., 31, 2103 (1898) 25 


Xa.\s( >2 

ZnS 04 1-1828 

A precipitate of zinc orthoansenite is formed when a solutioii of sodium 
amenite is treated witli an (‘xce.ss of zinc sulfate solution. 

2XaAsO., + 3Zn.S().. + 2ir4) ZM\s(W 2 + Xa.SO^ + 211, .SO, 

C. Reichard: Ber., 31, 2163 (1898) 


/.5 
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Na2As407 

NaioSg 1-1829 

A salt is formed when sodium polysulfide reacts with sodium pyroar- 
senate. 

Na2As407 H“ NaioSg — > Nai2As407S9 

Weinland and Rumpf, Z. anorg. Chem., 14, 42 (1897) / 

NasAsOa 

NCS4CN M 830 

Dicyanogen tetiasulfide dissolved in chloroform will react with sodium 
ai'senite yielding sodium thioai-senate and sodium arsenate. 

NCS4CX + SNaaAsOa + H2O Na3As04 + 2Na3As03S + 2 HNCS 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 28 


NasAsOs 


AgNO 


M831 


Silver arsenite is prepared by treating a solution of sodium arsenite, 
acidified with nitric acid, with an excess of silver nitrate solution. 

SAgNOg + XagAsOg AgaAsOg + SXaXOg 

G. W. Sears, J. Am. Chem. Soc., 43, 466 (1921) 


/ 


XagAsf >3 

CCI 4 S M832 

Perchloric methylmercaptan will react with sodium arsenite in presence 
of sodium hydroxide yielding sodium arsenate. 

CCI 4 S + XasAsOg + 8XaOH 

^ XasAsO^ + Xa.COg + Xa 2 S + 4XaCl + dHgO 

A. Gutmann, Z. anal, Chem., 71, 144 (1927) 


XagAsOg 


CeHsCH.Ng 


M833 


Benzyl triazide dissolved in alcohol will react with sodium arsenite 
yielding sodium ai*senate and benzylamine. 

C'eHsCILXa + XagAsOa + H 2 O C 7 H 7 XH 2 + Xa 3 As 04 + N. 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


28 
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C6H,(CH,)S,0,Na ^'a3As(), 

Sodium toluene thiosulfonato reacts with sodium amenito yi 

sodium monothioxyai’senate. 

(a) C6H4(CH3)S202Na + NaOH CrHrSOsNa + NaSOH 

NaSOH + NaaAsOa NajAsOaS + NaOH 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


M834 



28 


CsHfiCON 


NasAsO: 


M836 


Benzoyl triazide will react with sodium ai'seuite yielding sodium ar- 
senate. 

CsHsCONa + NaaAsOa -f 2H2O 

Xa3AsC4 + C'eHsCOOH -j- N. + NH3 

A. Gutmann, Z. anal. Chem., 66 , 224 (1925) 28 


CHaCONCCeHOBr 


Xaa.AsCa 


1-1836 


Acetyl broniaminohonzene will react with sodium arsenite yielding 
sodium ai'senate. 

CH3CON(C6H£,)Br + XuaAsOa + 2Xa()II 

^ XaaAsO^ + C’lbC'OOXa + (MUXII^ + XaHr 
A. Gutmann, Z, anal. Chem., 66, 250 (1924) 28 

^ il3As( )3 

(CH 3 COS)o 1-1837 

Diacetyl disulfide reacts with sodium arsenite yielding sodium mono- 
thioai-senate. 

(CHaCOS). + XaaAsOa + 2Xa()H 

XaaAsOaS + (’IlsCOSXa + C’lIaCOOXa + H 2 O 

A. Gutmann, Z. anal. Chem., 66 , 224 (1925) 28 


XaaAsOa 

CH 3 COSH 1-1838 

Thioaeetic acid under ordinary eonditions reduces sodium arsenit(‘ to 
give acetyl sulfide, sodium metai'senite, .sodium .sulfide and watei-. 

2CH3COSII + XaaAsO.^^ (C'H3CO)2S + XaA.sO,. -j- Xa,..S -f- H.O 
N. Tarugi, Gazz. Chim. Ital., 27=, 157 (1897) 21 
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m 


NasAsO; 


CHI 


3 


1-1839 


Methylene iodide is formed quantitatively when iodofoi'm is reacted 
with a boiling solution of trisodiuni ai-senite. 


Na^AsOs + 2 CHI 3 CH 2 I 2 + ? 


H. Klinger and V. von Richter, “Organische Chcmio, 10th Ed., vol. I, 230 
Ref.: Auger, Compt. rend., 146, 1281 (190S) 


S8 


NasAst >3 


CHI 


3 


M840 


When iodoform is redacted with a boiling solution of trisodiuin ansenite, 
obtained by dissolving 1 mole of arsenic trioxide in (> moles of sodium 
liydroxide, sodium diiodomethylarsinite is formed (a) which, under the 
conditions of the reaction, immediately decomposes with the excess 
alkali present and yields methylene iodide aiul sodium ai*senate (b). 


(a) 


('HI 3 + Na3As().3 — Na.C'HLAsOj + Nal 


(b) 


Nu2C'in2As()3 + NaOII — CII 2 I 2 + Abv^AsO., 


Auger, Compt. rend., 146, 1281-2 (1008) 


S8 


NasAsO.i 


CHI 3 


M841 


Iodoform will react with sodium arstuiitc' yielding sodium arsenate and 
methylene iodide. 


CTII 3 + NaaAsOa H- NaOH Na3As()4 -H Nal -b CH 2 I 2 


Gutmann, Z. anal. Chem., 66, 248 (1924) 


28 


Na3.\,s( )3 


CeHJCL 


M842 


Phenyl iododichlorido will react with sodium arsenite yielding sodium 
arsenate. 


('eHslCl-i + NaaAsOa + 2NaOH NaaAsO, -f + 2NaCl -f- H.O 


.V. Gutniunn, Z. anal. Chem., 66, 250 (1924) 


28 
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C6H5N3 


XusAsC). 


M843 


Phenyl triazide leaets with sotliuin aivsenite yielding sodium ai-senate 
and aniline. 

C6H5N3 + Xa^AsO., + 11,0 XajAsO, + C'cH^XH, + X, 

A. Gutmnnn, Z. anal. Chem., 66 , 224 (1025) 


25 


C6H5N(C0CH3)N0 


XUsAsC ); 


M844 


Xitioso ac(‘tanilide will r(‘act with sodium aivenite yielding sodium 
arsenate. 

(VdlsXCC'OC'HAXO + Xa3As()3 + XaOH 

^ Xa:,A.s()^ + (VJU + N, + Cdi-iGOOXa 

A. Gutmaiin, Z. anal. C‘lu*iii.. 66, 221 (1025) 


iS 


C6H5N(COCrH5)NO 


Xa:j.\s( )-j 


M 846 


lienzoyl-plienylnitro.'^amiiK' will react witli .M)dinm ai-senitt* yieUliiig 
sodium ars(‘nato. 

CdUXCC’OC’fiiyXO + Xa^AsOa + XaOII 

— ♦ Xa^Asth + C’cHc •+• X-* + C'fiHsCOOXa 

A. Gutinann, Z. anal. CMieiu., 66, 224 (1025) 


25 


Xa.iAsO;, 


CoHsNHOH 


M846 


Heta-ethylhydi()\ylamine will react witli .sodium arsenit(* yielding 
.sodium ar.s(‘nat<‘ and ellivlamine. Or tlu* reaction mav vield azow- 
i)enzene and aniline* heside's sodium arsenate. 


(a) 


{■.,ll,NIlOH + Xa..AM)3-^ XaaA.sO, + ('dGXIl, 


(b) 4C’6 lUXH()n + Na^A.-O., 

Xa3As04 + 2C’6ll5XIO + 21100 + C'eHsNOXC’dl;. 

A. Gutinann, Z. anal. (’Ikmii., 66, 224 (1025) 


.-'5 
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Na^AsOs 


CH3N(N0)C02C2H, 


M847 


Nitroso methylurethane will react with sodium ai*senite in presence of 
sodium hydroxide yielding sodium arsenate. 

(a) CH3N(N0)C02C2H5 -h NaOH CHaNNONa + CO 2 HOC 2 H 6 

(b) CHaNNOXa + NaaAsOa + H 2 O 

Na 3 As 04 -b CH 4 + N 2 -f NaOH 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


28 


NaaAsOa 


C 2 HSNO 


1-1848 


Ethylnitrate will react with sodium arsenite in the presence of sodium 
hydroxide yielding sodium arsenate. Glycol appears to be an inter- 
mediate product. 

(a) C 2 H 5 NO 3 4- NaOH ^ NaN02 + (C 2 H 4 (OH) 2 ) 

(b) C2H4(0H)2 + NaaAsOj Na3.A^04 + C 2 H 6 OH 
A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


28 


XasAsOs 

CeHsNO 

Xitrosobenzono will react with sodium arsenite yielding sodium ar- 
senate. 

2C6H5N() 4 XasAsOa ^ Xa3As04 4 C’eHaXONC’elL 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


M849 


28 


NasAsOs 

CrJIsNOo 1-1860 

Xitrol)enzene will react with sodium ar.senite yielding sodium arsenate 
and azoxvbenzene. 

2 C 6 H 5 XO 2 4 SNaaAsOa 3Na3As04 4 CeHsXOXCelL 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


28 


NasAsOs 

C.J0H04N2O3 

Quinine oxide will react with sodium ai-senite yielding sodium arsenate 

C2oHo 4X2(J3 4 XasAsOs — ^ Xa3As04 4 C 20 H 24 N 2 O 2 

A. Gutmann, Z. anal, Chem., 66, 224 (1925) 


1-1861 


28 
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CjHsOCl 


Na(^AsO 


s 




1-1862 


(a) 

(b) 


C2H5OCI + NaOH 


C2H5OOH + NaCl 

CjHfiOOH -f NaaAsOa NagAsO^ + CgHsOH 
A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


$8 


CgHfiONCHNC 


Na3As03 


Cyanicimidocarbonic acid ethyl ester will react with sodium 
yielding sodium ai'senate. 


1-1863 

ai'senite 


(a) CaHsONCHNC + HOH 2HCN + HOOC.Hs 

(b) C^HsOOH + NasAsOj C.HsOH + NasAsO, 
A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


(CH3)2S; 


Na3As(-)3 


1-1864 


Methyltrisulfide dissolved in alcohol will react with sodium ansenite 
yielding sodium monothioarsenate and sodium arsenate. 


(CH3)2S3 + 2Na3As03 + HoO ^ Xa3As04 + XaaAsOgS + 2(’H-tSH 


A. Gutmann, Z. anal. Chem., 66 , 224 (1925) 



NasAsOa 

(C2H6)2S2 1-1866 

Diethjddisulfide will react with sodium ai-senite yielding sodium 
arsenate. 

(a) CoHsSSC'oH^ ^ CoHsvS + C..H5S 

(b) 2C’2rr5‘> "1“ NaaAsOa -f- II 2 O — > 2C'2HsSH + XasAsOj 
A. Gutmann, Z. anal. Chem., 66 , 224 (1925) 


28 
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XasAsOa 


(051111)282 


M866 


Diamyldisulfide will react with sodium arsonite yielding sodium ar- 
senate. 

(a) CsHiiS-SGsHu ^ CsHuS + C5H11S 

(b) 2C'5 HiiS -|- XaaAsOs H2O — > 2C5H11SH + XaaAsOi 
A. Gutnuiim, Z. anal. Chem., 66, 224 (1025) 


28 


>ra3As( ); 


(C6H5)2S2 

Diphenyldisulfide will react 
arsenate. 


M867 


with sodium arsenitc* yielding sodium 


(a) CehLS-SCelU ^ C'elloS + CeHsS 

(b) 2C6H5S + XasA.sOs H~ H>0 — » 2C’6H5SFr -f- Xas.-VsOi 

A. (lutmann, Z. anal. Choni., 66, 224 (1925) 


28 


XasAsOa 

(CHa)2SOi 

Sodium arsenite is nu’thylatcd i)y adding diiiK’thyl suli'at( 
temperature should be 8o°('. 

Xaa.VsO:, + (CIL) 2 S(), -> XaA’ILAsO;, + XaGILSO, 

riiliiiKcr and Cook, J. Ind. Kng. Choin., 11, 105 (1910) 


M868 


d'he 


22 


Xa.3.\>f b 

CtH;S 20-..C>H:, 

Para-tohu'ncthiosulfonic acid ethyl ester will react with sodium arsc'iiite 
in pres(uie(' ot sodium hydi'oxide yielding sodium ars('nat(‘. 

(a) (Ml 7 S, 0 .d',.n, + XaOll — ('7ll7S(),Xa + G.ILSOH 

(1)) CjILSOll + Xa.-t.VsO.i — ” ( 'jl l.-.SII + X’a.iAsOi 

A. Gutmann. Z. anal. CluMn., 66, 221 (1925) 


M869 


28 


Xa.i.Vst ).j 

CrH4(Sd:OH)NNONa 

I»aradiazol)enzen(' sodium sulfonate will react with sodium arsenite 
yielding sodium arsenate. 

CellU^GjOinXXOXa + Xa^AsOs Xa^A.^Oi -f CeHsSOaNa + X,. 

A. Gutmann, Z. anal. Cheni., 66 . 224 (1925) 


28 



AK8KNK’ 


45y 


CsH^SSCN 


XaaAsO; 


Plienyl cyanogen (ILsnlfitlc will react with sodium amcnito yieldinc 
sodium ai-scnate and thioeyanie acid. jielUing 

( oIIsS sex + II„() -I- XajAsOa XajAsO, + (’JdjSH + HXCS 

A. Gutinann, Z. anal. Chem., 66, 224 (1925) 


M861 


2B 


CNCl 

Na^O 


XilsAsO; 


M862 


Sodium aisenite is oxidized when treated uith cyanogen chloride and 
sodium oxide in solution, 

XasAsOa + t'XCl + Xad) XaC'X + XajAsth + Xat'l 

A. Gutiuann: Ber., 42 , 3623 (1909) 


25 


CNI 


X a.-i A.s( )3 

M863 

Cyanogen iodide will n‘aet with .sodium arsenite and sodium oxide 
yielding sodium arsenat(‘. 

CXr + XasAsOa + Xa4J — > XajA.sO^ + XaCX -f Xal 

A. Giitmann, Z. anal. Chem., 66, 253 (192-1) ^8 

Hof.. A. Gutiuann, Her., 42, 3623 (1009) oq 


M864 


Xa.iAs( )3 

CNSC.H, 

Ethyllhiocyanate will reaet with sodium aisenit(‘ in jiresenee of Xa(JH 
yielding sodium arsenate and ethyl liydrosultide. 

( X’SC'-iHa + Xa()II + Xa;(As(),,— ► Xa.t.V.sO, -|- X'aCX + CjHoSII 
A. Gutniaiui* Z. anal. CMumu.. 66, 224 (15)25^ 2S 


CNSCN 1-1865 

C’yanogen suHide dissolved in carlxui disulfide will react with sodium 
arsenite yielding sodium ar.senati* and thioeyanie acid. 

(a) exs (’X f- noil -(’xson + iicx 

(1>) CXSOll t .\a:..\sO., \aH.\s(), 4 IK'XS 

A. Gutinann, Z. anal. ('Iicni , 66, 221 <1025i 'fi 
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NajAsOa 

C02C2H6NBr2 1-1866 

Dibromourethane will react with sodium arsenite in the presence of 
NaOH yielding sodium ai*senate. 

C02C2H6NBr2 + 2Na3As03 + 4NaOH 

^ 2Na3As04 + NH3 + Na2C03 + 2NaBr -f CjHbOH 

A, Gutmann, Z. anal. Chem., 66, 250 (1924) £8 


NaaAsOs 

(CSOCsHbS). 1-1867 

Dixanthogen dissolved in alcohol reacts with sodium arsenite and 
Na20 yielding sodium monothioarsenate. 

(CS0C2H5S)2 + H 2 O + 2Na20 + NasAsOs 

NaaAsOjS + Na2CS02 + Na2CS20 + 2C2H6OH 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 28 


NasAsOs 

Ca(C10)2 M868 

In a solution containing sodium hydrogen carbonate and potassium 
bromide, sodium arsenite is oxidized by calcium hypochlorite. The 
mechanism of the reaction apparently depends upon the interaction of 
the hypochlorite and the bromide to foim hypobromite w^hich does 
the actual oxidizing. 

2Na3As03 + C'a(C10)2 ^ 2Na3As04 + CaCh 

KoltliotT ami Stenger, Ind. Eng. Chem., Anal. Ed., 7. 80 (1935) 


CaS203 


NaaAsOs 


1-1869 


Sodium monothioarsenate and calcium monothioarsenate are formed 
when a .‘solution of sodium arsenite reacts with calcium thiosulfate. 

(a) 2Na3As03 + 3GaS203 — > Ca3(As03)2 d" 3Na2S203 

(b) 3Ca3(As03)2 + GXa.SsOa ^ 4Xa3AsS03 + Ca3(*\sS03)2 + CCaSOa 
R. F. Weinland and .\. Gutmann, Z. anorg. Chem., 17, 409 (1898) 
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CI2 


NasAsO: 


NaaAsOs + CU + 2NaOH 2NaCl + Na3As04 + H^O 

Willard and Thompson, Ind. Eng. Chen... Anal. Ed., 2 . 272 (1930) 


1-1870 


55 


1-1871 


NasAsOj 

CoCNOa), 

Cobaltous nitrate reacts nith .sodium oi thoarsenite. 

7 Co(N 03)2 + 2 Xa 3 .\s 03 ^ CojA.saOio + ((iXaXOj + 8X0, + 20,) 

C. Reichard, Z. anal. Chem., 42, 110 (1903) gg 


Cu(CNS)2 


NaaAsOs 


1-1872 


Copper thiocyanato will roaet with sodium ansenite yioldinfi; sodium 
areenate and thiocyanic acid. 

4Cu(CNS) 2 + dlloO + 2Xa3As()3 — » 2\a3As()i + 2 CU 2 O + 8HCXS 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) og 


CuS04 

HC2H3O2 


XaaAsO; 


1-1873 


Paris green (copper aceto-arsenite) is prepared l)y adding sodium 
arsenite and sodium acetate to a solution of copper sulfate in acetic 
acid. 

(4CuS 04 + 2IIC2fr302 + 2Xa3As03 

*' C u(( 2ll3C->)-> * C U3AS2O6 + + 3Xa2S04) 

C. W. Drury and 0. W. Simmon.s, Can. Cliom. Met. Kmk., 9, 181 (1925) 15 


CuSSCu 


Xa.^Ast >3 

1-1874 

Dicopper disulfide reacts witfi sodium ars(*nite yielding sodium mono- 
thioarsenate. 


(’uS-SCu + Xa3As03S + CusS 

A. Gutmann, Z. anal. Chem., 66, 224 (1925^ 


iS 
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HCOONa 


NasAsOs 


M876 


Ai-sine is made by heating a mixture containing equal quantities of 
amorphous sodium arsenite and sodium formate. 


XasAsO., 4- 3HCOOXa SXaoCOs + AsU, 


Vournasos, Ber., 43, 2264 (1910) 



XasAsOa 

HN 3 1-1876 

Sodium arsenate is foimed when triazoic acid is boiled with a solution of 
sodium arsenite. 

XasAsOs “h HX3 -f" HjO — * Xa^AsO^ + XH3 4- X2 
A. Gutinann: Ber., 46, 830 (1912) 25 


XasAsOs 

I 2 

H 2 O 

Iodine converts sodium orthoai’senite into sodium orthoarsenate. 

XasAsOs 4“ I 2 4“ H^O — * XasAsOj 4" 2HI 

G. Bressanin, Ann. Cliim. Anal., 17, 81 (1912) 


M877 



Xas-VsOs 


I> 

Na..S 


1-1878 


Sodium nionothioarsenat(‘ is formed when .sodium arsenite reacts with 
iodine and sodium sulfide. 

XasAsOs 4" E 4“ Xa^S — ► Xa 3 A.s 03 S 4“ 2XaI 

tVeinland and Biimpf, Z. anorp. (’hom.. 14, 42 


25 


Na 3 .Vs( >3 


KaFelCN), 


M879 


KOH 


Sodium ^^^(‘nite is oxidized l>v potassium ferricyanide in tlie presence of 
potassium hydroxide. 

X:t:tAs():! 4“ 21x:tl'e(t'N),; E 2K01I — > 2K4he(CX),', 4* Xa3.\s()4 + lIjO 

A. Gutmnnn: Ber.. 42. 3023 (1909) 


25 
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KJVTn04 

KOH 


NaaAsC ) 


M880 


Sodium tu^onato is obtained when sodium a>^enite leaets with potassium 
permaiiKanate in alkaline solution. 

3Xa3.\s(),, + 2KMn(h + 2K()II 3Xa.,A.s(h + 2K,Mn(l3 + H.O 

li. Hraimer. Z. anal. Chom., 66 , 225 (1916) 


28 


K2SO3 NO M881 

Sodium m-sonato crystallizes out wlicn a solution ol' nitric oxide-potas- 
sium sulfite is treated with an excess of sodium arsenite, and cooled. 
(X.B. \itri(* oxide potassium sulfite is made by passing nitric oxide into 
a Ireshly prepared solution of potassium sulfite, which has been rnatle 
strongly alkaline with potassium hydroxide.) 

XaaAsOa + 2K2S()3-X()-> Xa3As(), + 2IvS()3 + Xd) 


.\. (lutniaan, Hor.. 66, :i(X)7 (1922) 


25 


NCSSCN 

H,0 


M882 


Dicyanogen sulfide*, di.ssoKed in ether, will 
yielding sodium arsenate. 


react with sodium aisenitc* 


(a) XeS-SeX -f- Ibdl ^ IIXCS -b X('S()1! 

(1>) ' XCSOII -f Xa:,.\s() 3 Xa 3 AsO, + IICXS 

A. (iutmami. Z. anal. C’hoin., 66, 224 (1925» 28 


Xad.Vst );, 


N2H1 HoO 


M883 


Ar-senic s(*i^arates w hen a wat(‘r >olution of .sodium arsenite is tn'ated 

with hvdraziiK* hvdrate. 

« • 

2Xa3As(>;, + liXollj Ilj*^ 

— > ((iX'aOlI H" 11- "h HXII 3 -j- 2 H 2 () -{- iXt)) -!■ 

V. Kohlschut ter, Ann., 400, 26.S (1913) 
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NH 2 OH 


NaaAsOa 


M884 


Sodium arsenate is formed and ammonia evolved when sodium arsenite 
is waiTned on the water bath with hydroxylamine . 


NasAsOs + NH2OH ^ Na3As04 + NH3 

A. Gutmann, Ber., 66, 3007 (1922) 


NasAsOs 

1-1886 

Iodine triazide in the presence of sodium oxide will react with sodium 
arsenite yielding sodium arsenate. 

N 3 I "h NaaAsOa Na 20 Na 3 As 04 + NaNs + Nal 

A. Gutmann, Z. anal. Chem., 65, 252 (1924) $s 


NO 


NasAsOs 


1-1886 


Sodium arsenate is obtained when a solution of sodium arsenite is oxidized 
by nitric oxide gas in the presence of a drop of alcohol. 

NasAsOa -\- 2NO --*■ Xa 3 As 04 -f N 2 O 

A. Gutmann; Ber., 66, 3007 (1922) 25 



NaC2H5S203 


M887 


Sodium ethylthiosultate will react with sodium arsenite in presence of 
sodium hydroxide solution yielding sodium arsenate. 

(a) NaC 2 H 5 S 203 + XaOH (S02Xa)()\a + C 2 H 6 SOH 

(b) C’.HsSOH + XaaAsOa C’.ILSir + Na3As04 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


£8 


XaaAsOa 

Na.CoHsS.O.^ 1-1888 

NaOH 

Sodium ethylthiosulfate, sodium hydroxide and sodium arsenite react to 
form ethj'l mercaptan, sodium sulfite and sodium ai-senate, (a). The 
intermediate compound formed is thioethyl alcohol, (b). 

(a) C 2 ir 5 -S/) 3 Xa + XaOH + XasAsOj 

— * C2H3*SH Xa^SOs “h Na3As04 

(b) CoHo -SAlsXa + XaOH C 2 H 5 SOH + XasSOa 
T. S. Price and D. F. Twiss, J. Chem. Soc. (London), 93, 1395 (1908) 
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NaClO 


NajAsO; 


Sodium hypochlorite reacts quantitatively with sodium arsenite 
dizing it to sodium arsenate. 

NasAsOa + NaClO - 

A. Gutmann, Ber., 60, 1717 (1917) 


1-1889 


0X1- 


Na 3 As 04 + NaCl 


26 


NasAsOj 

1-1890 

Fusion at 300°C. of sodium hydroxide and sodium ai-senite oxidizes the 
latter, as well jus ferrous hydroxide, stannous hydroxide, vanadious and 
cerous hydroxide (but not sodium sulfite or sodium nitrite), with the 
evolution of tlie equi\ alent amount of hydrogen, the sodium hydroxide 
acting as a catalj^st. 

2 Na 3 As 03 + 2XaOII — > 2 Na 3 As 04 + H 2 ~l-2Na 

M. C. Boswell, Can. Chem. Met. Kng., 10, 139 (1926) 15 


M891 


Xa3As()3 

NaOH 

NaC2H5Si;03 

Sodium arsenite reacts with sodium ethylthio.suH'ate in alkaline solu- 
tion to form ethyl mercaptan, sodium sulfite, and .sodium arsenate. 

XaCsHs-SolX + XaOM + XaaAsOa C'.Hs SH + Xa^SOg + NaaAsO^ 

Price niu! Twiss, J. Chem. Soc. (London), 93, 1395 (1908) lOS 


XasAsOa 

NaOSH 1-1892 

Sodium monothioai*senate is obtainetl when sodium ai’senite reacts with 
sodium “hydropei-sulfide”. 

XasAsOa + XaOSH — > X^aOlI + XaaAsOaS 
A. Gutmann, Ber., 41, 3354 (1908) 26 


XasAsOs 

NaoSo 1-1893 

Sodium monothioarsenate is formed when sodium ai*senite is treated 
with sodium disulfide. 

Xa 3 As ()3 + Xa->S.. -> XaaAsOaS + Na^S 
Weinland and Humpf, anorg. Chem., 14, 42 (1897) 25 
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NaaAsOj 

NaoS4 1,1894 

Thin, colorless glossy needles of tertiary sodium monothioarsenate are 
made by boiling solutions of sodium polysulfide with sodium arsenite. 

3Na3As03 “b Na^S^ — > 3Xa3As03S -b NaoS 


Weinlaud and Rumpf, Z. anorg. Cheni., 14, 42 (1897) 



NasAst h 


Na2S203 


1-1895 


Sodium arsenious hyposulfitc is formed as a cream-white powder by 
agitating a mixture of 2.75 g. of sodium liyposulfite in a cold solution 
of 2.75 g. of sodium arsenate in 3 cc. of water. 

NasAsOs + 3 Xa 2 S 20 i H- SILO XasAs ( 8204)3 + GXaOH 

\V. Fanner and J. H. Firtli, J. C’hcin. Soe. (London). 129, 2010 (1927) 


U 


Xa3As( >3 


Na^S^O.! 


M896 


Sodium tliiosulfate reacts with sodium arsenite vielding tri.'«:o(lium mono- 
thioarsenate. 

Na()S(S(bXu) -b Xa;t.\.s();j — > Xa.-iAsStb + Xa^SO;! 

A. (lutmnnn. Z. anal. Chcm.. 66, 224 (1925) 28 


X’a.,As( ).T 

Na:.So03 1-1897 

C’rystals arc formed wh(*n a concentrated .solution of sodium arsenite 
reacts with a concentrated .solution of sodium thie)sulfate. 

Xa3A.s()3 “b XaoS-jO.i — Xa 3 As 03 S + X'a->S()3 

K, F. Weinland and A. Gutmann. Z. anorg. C'liein., 17, 409 (1898) 


X'uaAsO^ 


Na2S20;t 

NaOH 


1-1898 


Sodium ar.senate is formed when .sodium thiosulfate reacts with .sodium 
ar.senite in tli(‘ pres(*nce of sodium hydroxide. 

XaaAstb -b X'a-jS-.Os + XaOII — » X'a-.SO,, + X'a3As04 -b X'aSH 
:\. Gutmann: Her.. 41, 3351 (1908) 


25 



ARSKNK^ 


407 


N E 2 S 3 O 6 


^ 113^^03 


M899 


Soduuu trithionate will react with sodium ai-senite in sodium liydroxiiU 
solution yielding sodium monothioai-senate and sodium ai-senate. 


Xa2S306 + 2Xa3As()3 -\- 2Xa01T 

XagAsO^S + XuaAsCh + 2 X 3.803 + H.O 

A. Gutmann, Z. anal. Cliom., 66, 224 (11)25) 

Hof., T. S. Price and D. V. IViss, J. Clicm. Sot*. (London), 91, 2026 (1907) 
Uef., A. Gutmann, Bor.. 63, 444 (1920) 


28 

102 

25 


X^aaAst^ 

Na2S406 1-1900 

Sodium tetrathionate will react with .-jodium ar.M‘nite in sodium hydrox- 
itle solution yielding sodium monothioai'sc'natf* and sodium arsenate. 

Xa..S4()c + ^XasA.^O;, + 2Xa()II 

* 2Xa3As().-iS -j- XuaAsOj 2 Xai>S 03 -\~ lI-jO 

« 

A. Gutmann, Bor., 63, 444 (1920) 25 

Ref., A. Gutmann, Z. anal. Chom., 66 , 224 (1925) 28 


Na.SiO 


NajA.sOj 

1-1901 

Wlien a mixture of sodium arsenite and sodium tetrathionate is heated, 
elementary arsenic, sodium sulfite, sodium arsenate and .sodium mono- 
thioar.senate ar(‘ obtained. 


oXa.tAst);! 4“ Xa-tS^t)!', -\- 

— 2As -f 3Xa..S()3 -f 2Xa3A.s(), + Xa.iAsSO.-. + (2XaOH) 


.V. (iutniann. Her,, 66, 3007 {!922> 

Ref., .V. (lUttnann. il>id.. 57, M>56 (1924i 



.\a 3 .\st )3 


Ni(N03). 


M902 


Xiekel nitral(‘ itaiets u ifh sodium oi‘thoar.M*nite 


14Xi(X<)3)2 + 2Xa3As()3-- Xin.\.<d>i7 + ((iXaX()3 + IlX.Ga + IK),. 
C. Reichard, Z. anal. Cliein.. 42. 110 (1903) 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 

NasAsOs 


1-1903 

Beautiful colorless crystals of tertiary sodium monothioarsenate are pre- 
pared by boiling a concentrated solution of sodium arsenite with sulfur 
and then adding sulfur until no more will dissolve. 

NasAsOs -j- S — > NaaAsOjS 

K. Preis, Ann., 267, 178 (1890) 

Ref., Weinland and Rumpf, Z. anorg. Chem., 14, 42 (1897) 25 


S 

Se 


NasAsOa 


1-1904 


White ciystals of dodecahydrated sodium monothioai-senate are ob- 
tained by heating a solution of sodium orthoamenite with sulfur, (a). 

The same type reaction occurs with selenium, (b). 

(®') NajAsOa + S -h I2H2O — > NaaAsOsS- I2H2O 

(b) NaaAsOs + Se + 12H2O — > NasAsOsSe - 12H2O 

R, F. Weinland and 0. Riimpf, Z. anorg. Chem., 14, 42 (1897) 28 


NasAsOs 

S 2 CI 2 1-1906 

A solution of sulfur monochloride in petroleum ether will react with 
sodium arsenite and sodium oxide yielding sodium monothioarsenate. 

2S2CI2 + SNa^AsOa + 3 Na 20 ^ SNasAsO^S + NasSOs + 4 NaCl 

A. Gutmann, Z. anal. Chem., 66, 251 (1924) 28 


NaaAsOa 

TICI 3 M906 

Thallic salts react quantitatively with sodium ai-senite. The salt is 
dissolved in dilute H2S04, neutralized with sodium hydrogen carbonate, 
and an excess of NaaAsOa added. The excess is titrated with standard 
iodine solution. 

(a) TICI3 H- Na3As03 + H2O — TICl + Na3As04 + 2 HCI 

(b) (NaaAsOa + I2 + 2 NaHC03 — NagAsO., -f- 2 NaI + H2O -f- 2CO2) 

F. C’uta, Coll. Czech. Chem. Comm., 6, 287 (1933) 
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AgNOa 


NasAs04 


SUver arsenate is precipitated when solutions of silver nitrate and 
diuni areenatc are mixed. 

SAgNOa + Na3As04 -> Ag3As04 + SNaNOg 

J. B. Moyer, J. Am. Chem. Soc., 18, 1039 (1896) 


1-1907 


so- 


Al2(S04)3 


Na3As04 


1-1908 


Aluminum amcnate iis formed when aluminum sulfate reacts with so- 
dium amenate at 200®. 


2Na3As04 + Al2(S04)3 -> 2AIAsC4 (S'^aSO,) 

Coloriano, Compt. rend., 103, 273 
Ref., Ber., 19. 660 (1886) 


Na3As04 

BeS04 1-1909 

A loose white powdery compoumi called triberyllium ai-scnato is formed 
when sodium arsenate reacts with lx*ryllium sulfate. 

2 Na 3 As 04 + 3BeS04 Be 3 (As 04)2 + 3Na2S04 

Bleyer and Muller: Z. anorg. Chem., 76, 287 (1912) 25 


, Xa3As()4 

BeS04 1-1910 

TrLsodium ai>!enatc precipitates a monobasic salt of beryllium from 
beryllium sulfate. 

4BeS04 + 2Na3As()4 + 9Ho() 

Be 3 (A.sC 4 ).-Be()- 8 H 20 + (3Na2S04 + H 2 SO 4 ) 

Bleyer and Miiller, Z. anorg. Chem., 76, 285 (1912) 28 

Ref., J. L. Howe, .1. .Vm. Chem. Soc., 36, 187 (1913) / 


XusAst >4 

Co(N03)_. M911 

(Orthorhombic, dark red j)risms are formed when sodium ansenate reacts 
with cobaltou.s nitrate at 180°. 

XagAsO^ + 2 (’o(X().02 + IM> 

CoAsOi-CoOJI + (3NaX()3 + ilXO^) 

Colorinno: Compt. rend., 103, 273 

Ref., Bor., 19, (560 (1886) 25 
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Na3As04 

HCl M912 

Nal 

If hydrochloric acid solution is added to a mixture of arsenate and iodide, 
arsenious chloride and iodine are produced. 

(XaaAsO., + 2XaI + 3HC1 + H.O -> AsCh + L + 5XaOH) 

.1. K. MucKc'nzio and H. Marsliall, J. Clicni. 8oc. (London), 93, 1728 (1908) 57 


Xa 3 As 04 

HgCl: 

Mercuric pyroarsenate is formed when sodium arsenate reacts with 
mercuric chloride. 

2 Xa 3 As 04 + 2HgCl2 + HoO -> Hg.As.O; + (4XaCl+ 2 XaOH) 

liergmann, Opuscula Physica et Chenucn Upsala, 1779 to 1784 


M913 


26 


XasAsi >4 


HgNO 


1-1914 


Mercurous arsenate is formed as an orange precipitate when mercurous 
nitrate is treated with an excess of sodium ai'senate. 

XasAsth + 3HgX()3-> + (3XaX03) 

K. Haack: Ann. 262, 190 (ISOl) 


25 


XuaAsC^j 


Hg(NO,d, 


M916 


Mercuric arsenate precipitates as a lieavv yellowish-white precipitate 
when an excess of sodium ars(‘nate is added to merctiric nitrate solution. 

3Hg(X()3L + 2Xa3As(), ^ II^VsO^L + OXaXOg 

C. J. Pretzffld, J. Am. Cliein. Soc., 26, 202 (1003) 


/ 


\a;,As( >4 

MnSO, 

Manganous arsenate is forme<l when manganous sulfate reacts with 
sodium ;u*senate at 175°. 

2Xa3As(), + 3MnSt)., + It-O — ^ MnafAsO,,)^ hhO + ( 3 Xa 2 S 04 ) 

Coloritino, Cumpt. ivnd., 103, 273 
lief., !•'. Schleicher, Bcr., 19, (>150 (1880) 


M916 


25 
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Xa3As04 

Nfl, 2 S 203 

HCl 


M917 


\\ lion hydrochloric acid solution is added to a mixture of arsenate and 
thiosulfate, ai-sonic trichloride and tetrathionic acid are formed. 

XaaAsO., + 2 Xji.>S..() 3 + lOHC’l ^ MCI, + H0S4O6 + ( 7 XaCI + dH.O) 

J. E. AfrtcKcnzio ami IL Marsliall, J. Chem. Soc., (Lomlon), 93, 1728 (190S) 67 


NiCNOa)-: 


X'asAst >4 


1-1918 


Bright green liexagonal crystals are ol>tained I)y treating 
tion of nickel nitrate with sodium ar.senate at 235-2()()°. 

4 


a dilute solu- 


XasAsd. + 2Xi(X()3)2 + H.O^ XiA.s()4-Xi()H + (3XaX()i + HXO^) 


Coloriano, Compt. rend., 103, 273 
Itcf., K. Schleicher, Her., 19, 660 (1S86) 



X’asAst >4 

Pb(N03). M919 

I.ead ar.senat(* is precipitated when a diluted solution of l(*ad nitrate is 
titrated in the cold with ()• lA’ sodium ar.<enat(‘ in the presencM* of methyl 
red. 

2Xa:,A.'^()4 + 3PI)(X()a).. ^ Pl^VsO,). + (iXaXOa 

JcIliTick ami Kiilui: Z. anorjj. C’liom.. 138, 123 (1925) 25 


0 




ZrOCl. 1-1920 

Sodium ar.<enale and zirconyl chloride precipitate white, voluminous 
hydrated zirconyl liydiogeii aisenati*. 

3Zr()(’l.. -f lXa. 3 .Vs ()4 -h 81!-.() 

— (Zr<)) 3 -llf.-(A.s(),) 4 -(IIA))-- + (tiXaC'l + (iXaOlI) 

♦ # 

L. F. Nilson. Nova .V<U. Ih-K- 8ci. fpsal.. Scrie.s 3, 9, .\o. 5. 52 (1874) W 


12Ild) 


AgNO 


1-1921 


The addition of silver nitrate to liydraf(‘d trisodium arsenate in .'Solution 
precipitates t risil\(‘r arsenate. 

3 AgX ()3 + Xa.v\.-^()i- 1211-><> Ag3As()4 + (12H>0 + 3Xa\()j 

Thomas Graham, Trans. Roy. Soc. (London), 123, 253 (1833) 


106 



Na3As04*12H20 


BaCl2 


1-1922 


Barium chloride in slight excess added to a solution of trisodium arsenate 
precipitates barium arsenate. 


2Na3As04-12H20 + SBaCU -» Ba3(As04 )2 + (6NaCl + 24H2O) 

Thomas Graham, Trans. Roy. Soc. (London), 123, 264 (1833) 


(C2B[302)2Pb 


Na3As04-12H20 


M923 


Lead acetate precipitates lead areenate from a solution of trisodium 
arsenate. 


2Na3As04'12H20 + 3(C2H302)2Pb 

Pb3(As04)2 + ( 24 H 2 O + GNaCsHsOz) 

Thomas Graham, Trans. Roy. Soc., (London), 123, 259 (1833) 


CaCb 


Na3As04-12?l20 


1-1924 


The addition of calcium chloride to a .solution of trisodium arsenate 
precipitates calcium ai'senatc. 

2Na3As04*12H20 + SCaCb -> Ca3(As04)2 + (GNaCl + 24H2O) 

Thomas Graham, Trans. Roy. Soc. (London), 123, 265 (1833) 


H2CO3 


Na3As04-12H2() 


M926 


The addition of carbonic acid to hydrated trisodium arsenate gives the 
disodium salt. 


Na3As04 l2H20 + H2CO3 -■» Na2HAs04 121120 + (NaHCOj) 

Thomas Graham, Trans. Roy. Soc. (London), 123, 255 (1833) 


106 



Na3As04 121120 


M926 

Hydrated trisodium ai-senate \\-hcn heated loses 49.8% of its weight as 
water but 0.5% is still left. 


Na3As04-12H20 ^ Na3As04 + (I 2 H 2 O) 

Thomas Graham, Trans. Roy. Soc., (London), 123 , 256 (1833) 105 
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Na3As02S2 


AgNO 


1-1927 


A black precipitate of silver sulfide and reddish brown silver arsenate is 
fonned when sodium dithioarscnate is treated with an excess of silver 


nitrate. 

Na3As02S2 + lAgNOs + 2 H 2 O 


2Ag2S + Ag 3 As 04 + (3NaN03 + 4 HNO 3 ) 


K. Preis: Ann., 267, 185 (1890) 


25 


NaaAsOiSs 


RaCb 


M928 


A curdy, crystalline precipitate of barium dithioamenate is 
when a solution of sodium dithioamenate is treated with barium chloride. 

2 Na 3 AsO.S 2 + 313aCl; BajfAsS.O:). + (ONaC'l) 

K Preis. Ann., 267. 185 (1890) 

Ref., McCay and Fosler, J. Am. Chem. Soc., 26, 307 (1904) 


25 

1 


NeaAsOSs 


BaCb 


M929 


Barium trithioarsenate precipitates slowly when a solution ot sodium 
trithioarsenatc is treated with barium chloride. 

2Na3.\sOS3 + 3BaCb (Ba3(AsOS3)3 + bNaC'l) 

L. W. McCay and W. Foster, J. Am. Chem. Soc., 26 , 307 (1004) ^ 


NasAst )S3 


1-1930 


Decomp. 


Sodium trithioamenatc tlccomposcs into sodium thioamcnate and so- 

dium dithioai-scnatc npon standing. 

2Na3AsOS3 Na3AsS4 + XnaAsO-iS.: 

L. W. McCay ami W. Foster, Z. anorR. Cla'in., 41. 452 (1004) 


25 


NaaAsOaS 


AgNO 


1-1931 


^ * f c..:u-or <iil(i(l(' and red-brown silver ai-senatc is 

A black precipitate of . • . - treated with an excess of 

fonned when sodium Inonothloal^enat 

silver nitrate. 

Na3As()3S + oAsXth + ^ ^ (SXaNO., + 2IINt),,) 


K. Preis: .Mm., 2B7, ISl, (1890) 


25 



BaCI-? 


NajAsOaS 


M932 


A solution of sodium thioarsenatc will react with a solution of barium 
chloride yielding white ciystals of barium thioai'senate. In ^’ery diluted 
solutions barium sodium thioai'senate is formed. 

(a) 2Xa3As()3?^ -j- SBaCb (iH^O — * J3a3(As{)3J5)2'(3ri20 bXaC’l 

(b) XaaAsO^S + BaC’b + OIBO -> BaXaAs 03 S- 9 H 2 () + 2XaC’I 

R. F. \VoinIjmd ;iiul 0. Kumpf, Z. aiiorg. Cheni., 14, 42 (1897) 28 


BaCb 


X^asAsOsS 


M933 


An amorphous precipitate of sodium barium monothioarsenate is formed 
when a solution of sodium monothioarsenate is tiseated with barium 
chloride. 


XaaAsOaS + BaC’b ^ BaXaAs() 3 S + (2XaCl) 


Wcinhuul and Rumpf: Z. aiiorg. Chem., 14, 42 (1S97) 



XasAsOjS 


C6H4(0H)C00H 


M934 


Sodium thioai^enate and salicylic acid are i-ubbed together. Then alco- 
hol is added. Insoluble sodium dihydrogen thioar.'^enate is obtained. 
A similar reaction occurs when potassium thioarsenatc is used. 

Xa 3 .\s<) 3 S + 2(’6H,(()H)C'()()H-.XaHoAs()3S + 2(’6H.,(()H)C’0()Xa 

4 

\{. V. Wfiidand and (). Rumpf. Z. anorg. C’hcm., 14, 42 (1897) 


28 


Xa3As( IsS 


HCl 


M936 


.V pale yellow precipitate of an-^enic pentasulHde is formed when triso- 
dium monothioarsenate is treated with dilute hydrochloric acid. 

SXasAsOsS + 30HC1 + (15Xa(*l + loH^O + SAsC’h) 

K. Preis. .\nn.. 267, ISl (1890) 


35 
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XusAsOaS 


HoSO 


1-1936 


A pale yellow precipitate of arsenic pentasulfide is lormed when sodnnn 

inonotliioai-senate is treated with dilute sulfuric acid. 

lONasAsOaS + 15H.SO4 2As,S, + (ISNa^SO^ + 15H.0 + 3Asd).) 

K. Preis, Ann., 267. 181 (1890) 


25 


I 


M937 

A compound (similar to .sodium tetrathionate) is formed when iodine 
roMcts with tvisodium inonothioat'st'nato. 

2Xa:,As03S + 1;-^ (XaO).2().VsS-SAsO(Na())2 + 2Xal 
Wciiiluiul ami Uvimpf, />. aiunfi. Cliem., 14, 12 (180/) 


25 


XanAsOaS 


1-1938 


A 


isod Whc'u hoatod in a sealed tube at a 


Sodium thioai-senate is d(‘eomp‘>: 

temperature of 150 . ^ 

tXaaAsOsS 3 Xa;,As ()4 + XasAsN^ 

K. F. WeiuUuul and O. Uumpf. Z. nm/r-. Chem., 14, 42 (1S07) 


28 


XasAslX^Si' 1-1939 



Xa^.VsO^Se + Hat'l, - BaXa.Vsth^ + (2Natd) 


Weinlnmi ami Hnmpf, Z. mimK. Clwm., 14, 12 0897) 


>8 




1-1940 


NasAsSe 


HCl 


• •* t/./i M solution coutaiuiu^ a 

“ 

Szarvasy, Ber., 28, 2054 (1895) 


25 





NasAsSs 

AgNOa 14941 

Yellowish-brown silver metathioarsenite is precipitated when sodium 
thioarsenite solution is treated with silver nitrate. 

NaaAsSa + SAgNOa + 2 H 2 O 

^ AgAsSa + (NaNOa -f ^ -|- 2NaOH -|- 2HNOa) 

Berzelius, Pogg. Ann., 27, 159 gs 


NaaAsSa 

AgNOa 1-1942 

Silver sulfide and arsenious acid are obtained when a neutral or am- 
moniacal solution of sodium thioarsenate is treated with silver nitrate. 

(a) NaaAsSa '-I- SAgNOa + 4 H 2 O 

^ 4AgaS -f HaAsOa -f SNaNOa + 5HNOa + 0 

(b) NaaAsS, + GAgNOa + SHaO 

^ 3AgaS -f HaAsOa + SNaNO, + SHNOa + S 

B. Rayman: Bull. Soc. Chim., 47, 892 

Ref., Ber., 20, 6^ (1887) 5/ 


NasAsS4 

AgNOa + KCN M943 

A red crystalline precipitate of sih'cr thioai'scnite is formed when sodium 
thioarsenate solution is precipitated with silver nitrate in the presence of 
potassium cyanide. 

NaaAsS^ + 3 AgNOa + 2 KCX ^ Ag^AsSa 

+ (SNaNOa + K2S + C2N2) 

K. Preis, Ann., 267, 199 (1890) i 


Na3AsS4 

CHoClCOONa 1-1944 

A solution of sodium thioar-senate will react with the sodium salt of 
monochloroacetic acid yielding sodium metathioarsenite. 

Na3AsS4 + 2CH2ClCOONa -> NaAsS. 

+ (Na()-(’0-(’H3)2S2 + 2NaCl 

B. Holmberg, Z. anorg. Chem., 66, 385 (1908) S8 
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N aa AsS^ 

CUSO 4 1-1946 

A reddish brown precipitate of cupric tliioai-senate is formed when a so- 
lution of sodium thioarsenate is treated with copper sulfate solution. 

2Na3AsS4 + 3 CuS 04 Cu3(AsS4)2 + (3Na2S04) 

K. Preis, Ann., 267 , 201 (1890) J 


CUSO4 


Na3AsS4 


1-1946 


A black precipitate of copper sulfide forms when an excess of copper 
sulfate is boiled with a solution of sodium thioai-senate. 


2Na3AsS4 + 3 CuS04 + OHOH 

— 3(\iS + (2H3ASO3S + 3Na2S04 + 3H2S) 


K. Preis, Ann., 267 , 201 (1890) 


HCl 


Na3AsS4 

1-1947 

Thioai-senic acid is formed wlien hydrochloric acid decomposes sodmm 
thioai'senate. 

2Na3AsS4 + OHC'l GXaCl + 2H3AsS4 

Nilson, J. Prukt. Cheni., 14, 149; ibid. 19, 170 
Ref., F. Krafft and A. Kraschau, Her., 29, 433 (1896) 


25 


Xa3AsS4 


HCl 


M948 


Ai-senic pentasulfide is obtained by the decomposition of sodium thio- 
ai'senate with diluted hydrochloric acid. 

2Xa3AsS4 -1- OHCl As.Ss 4- (iXaCl + 3H2S 

A. Fuchs, Z. anal. Chem., 1, 189 (1862) 


28 


Xa3As84 

1-1949 

H2SO4 

Sulfuric acid reacts witli sodium thioarsenate with the evolution of hy- 
drogen sulfide and the separation of ai-semc penta-sulhde. 

2Xa3AsS4 -b SHoSO,, As^Sj -b SX^a-SO, -b SH.S 
L. McCay; Z. anal. Chem., 31, 372 (1892) 


25 


^1* w 


X \^4 jvyj. v^x* vyxxiji>xi\^riu xvi^nv^ X 1 Vyi^ O 


Na3AsS4 

HgClo M960 

An orange-yellow precipitate of mercuric thioarsenate is formed when a 
solution of sodium thioarsenate is treated with a solution containing an 
equivalent amount of mercuric chloride. 

2Xa3AsS4 + 3HgCU ^ Hg3(AsS4)2 + (OXaCl) 

K. Preis, Ann., 267, 200 (1890) t 


Xa3As84 

NaOH 1-1961 

Sodium (lithioarsenate is formed when a solution of sodium thioai*senate 
is heated with a sufficient amount of sodium hydroxide. 

Xa3AsS4 + 4XaOn Xa^AsO.S. -h 2XaoS + 2H2O 

K. Prois: .\nn., 267, 184 (1890) 25 


Xar.A.sS 


SboO; 


M962 


Sodium thioai'senate will react with antimony trioxide yielding a preeip 
itate of omnge-red color, antimony totrasuIfi(l(‘. 

Xa.iAsi*',j -|- Sl)o( — * S1)2S< -}- X'a3As()3 

U. F. Weinlancl and P. Lehmann. Z. nnorK. Chom., 26, 322 (1901) 


2S 


Xa.iAsSt 


ZnS04 


M963 


A voluminous light yellow precipitate of zinc thioarsenate forms when 
cold solutions of sodium thioarsenate and zinc sulfate are mixed. 

2Xa3A.sS4 -f 3ZnS(),, Zm(AsSdo + (3Xa2S()4) 


K. Preis, Ann., 267, 202 (1890) 


/ 


Xa.-iAsS., 


ZnSO, 


M964 


Sodium zinc thioarsenate forms as a yellow, crystalline precipitate wlu'ii 
a dilute solution of zinc sulfate is poured into a concentrated solution 
of sodium thioai'senate. 

Xa3AsS4 -h ZnS()4 + 4H4) XaZnAsS4-4H2() -f- (Xa^Sth) 


K. Preis, Ann., 267, 202 (1890) 


25 


arsenic: 
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NuaAsScM 

HCl 1-1966 

Ai-senic pcntasclenitlc is prepared by decomposing sodinm selenoar- 
senatc with hydrochloric acid. 

2 Na 3 AsSe.i OHC'l — > AsoScs 3H>So + ONaC 1 

Szurvasy: Bor., 28, 2054 (1895) 

Na3AsSe4 

M A n 1-1966 

NajAsOaSe 

HCl 

Ai'senic pentaselenide is precipitated when a solution containing a mix- 
Uire of sodium selenoarsenate and sodium monoselenoarsenate is 

treated with hydrochloric acid. 

Xa,AsS(', + XiU.VsOaSc + (illC'l — + GXaCl + SHjO 

25 

Szarvasy, Bor., 28, 2054 (1895) 

Xa4A.s,()5 

M967 

NasSa 

A salt is fornu-il when soduuu t.isulli.l.' icacts with sodium pyioai-sonitc 
in conc<‘ntrated ice-cold solution. 

XaiAsoOo + Xa-iSa-^ XaeAs-.O^Sa 

Wcinlanil aii<l Itunipf: Z- aaorK- Clifiii., U, 42 (1897) 

1-1968 

AgNO, , 

Silver ai-senate is formed when sodium pyroarsenate solution is piecip- 
itated with silver nitrate. 

(>AgX()3 + Xa4As,..(): + IIOH 2.\g.Vs4b + (dXaXOs + 211X03) 

K. A. Atkinson, J. Am. Chcin. Soc., 20, SOG (1S98) 

1-1969 

CdS 04 

A granular salt of eadmium pyroarsemate is precipitated when pure 
eadmium .sulfate is treated with a solution ol sodium pyroarsenate. 

2CdS(h + Xa,AsA)i + 211011 C'd.Vs4),.2IId) + (2Xa.S(),) 

J. B. Moyer, J. Am. (’hem. Soc.. 18, I0:i9 MsOfii 
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Na 4 As 207 


Co(N 03 ) 


1-1960 


Cobalt arsenate is precipitated when a solution of cobalt nitrate is 
treated Avith sodium pyroarsenate. 

3Co{N 03)2 + Na4As207 + HOH'^ Co3(A^2 + (4NaX03 + 2HNO3) 

E. A, Atkinson, J. Am. Chem. Soc., 20, 807 (1898) 


1 


Na 4 As 207 


CuSO 


1-1961 


A green copper ai'senate is formed when a solution of pure copper sulfate 
is treated with sodium pyroarsenate. 

3CUSO4 “h Na4As207 “f" 3H2O 

Cu3(As 04)2-2H20 + (2Na2S04 + H2SO4) 

J. B. Moyer, J. Am. Chem. Soc., 18, 1038 (1896) 


1 


Na4As207 


HCl 


M962 


Sodium pyroarsenate Ls completely converted into the corresponding 
acid when heated in the presence of hydrogen chloride. 

Xa4As207 “h 4 HC'l — * H4As2(^7 4 “ 4 XaC 1 

Smith and Hibbs, J. Am. Chem. Soc., 17, 683 (1895) 


Xa 4 As 2()7 


H2F2 


M963 


Sodium pyroarsenate Ls partially converted into the corresponding acid 
when heated at 400 ° in a brisk current of hydrogen fluoride. 

Xa4A.S207 + 2H2F2 H4As2f)7 + 2Xa2F2 
Smith and Meyer, J. Am. Chem. Soc., 17, 736 (1805) 


I 


N a4As207 


HI 


1-1964 


Sodium pyroansenate reacts with explosive violence when heated in 
hydrogen iodide. 

Xa4As207 + 4 HI ^ 4 XaI + H4AS2O7 

Smith and Meyer, J. Am. Chem. Soc., 17, 739 (1895) 


1 


AU8ENIC 


‘181 


NiiiAsoSs 


O 2 


1-1966 


Sodium pyroarsenite will absorb oxygen from the air if the pH is main- 
tained at 7.5 or over. 

Na4As2S5 + O 2 ^ Xa4As2S502 
Gollmar, Iml. Eng. Chciu., 26, 131 (1934) 




Na.iAs2N5( ^2 


H 2 S 


1-1966 


A complex sodium pyrothioar.senate absorbs liydrogen sulfide in the 
gaseous state with the formation of a compound of similar composition, 
which in turn is oxidized back again with tree o.xygen. 


(a) 

0>) 


Xa^AsoS^Oj + 1I>S Xa^As^SfiO + H.O 
2Xa.,As2SG() + tb 2Xa.,As2S5<)-. + 2S 


Gollmar, Iiul. Eng. Chom., 26, 131 (1934) 


^4 


XasAsi8l*'‘.Mt b 


HCl 


1-1967 


This salt decom|)oses into ai-si'iiic trioxide and trisullidc when treated 

with hydrochloric acid. 

% 

XasAsisS...,<)7 + SIR'l 8AS2S, + As 2()3 + 8XaC'l + dll.O 
K. Preis, Ann.. 267, 195 (ISOO) 


1 


Xa(C'Il,.)2As( >,.dIl- 3 > 


NaOH 


1-1968 


]f scdiuin cac.Klylato is lu'utc.l with s.,.limii liy.hoMdc t.. 181 ) dis,,. luiu 
methyl arsenite is lormcd with lil>eniti(m of one tuolecttk- ot methane 
(a). ‘Raising the tempe.atnre to 2 (il)° liheiates am, the.' moleettle ot 

methane with fonnation of sodium aisenate ()>). 

(a) Xa(('H3)2AsO,.'3Il!<) + XaOH " -\'a 2 Cll,As(), + t'H., + (dlljl)) 
'■ (b) Xa..t'lh,As():, + NaOII 

-Vugcr, Coinpt. roml., 146, 12H1 (190S) 


;.s' 
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NasCHjAsOa 

NaOH 1-1969 

If disodium methyl arsenite is heated with an excess of sodium hydrox- 
ide to 250 - 280 °, sodium arsenate and methane are foi*med. 

NasCH^VsOs + NaOH CH^ + Na3As04 

Auger, Compt. rend., 146, 1280 (1908) S8 


NasCHjAsOs 

SO 2 1-1970 

Disodium methyl ai-senite is converted to methyl arsenic oxide by 
sulfur dioxide. 

Na2CH3As03 SO2 — > CH3ASO -f- Na2S04 

Uhlinger and Cook, J. Ind. Eng. Chem., 11, 105 (1919) £$ 


NasCHsAsOa-GHsO 

SO 2 1-1971 

Sulfiu* dioxide reduces disodium methyl arsenite to methylarsenious 
oxide. 

(Na2CH3As03-6H20 -f- SO. ^ C'HaAsO + (Na2S04) + 6H2O) 

Auger, Compt. rend., 137, 925 (1903) 

Ref., Alex. McKenzie and John K. Wood, J. Chem. Soc., 117, 407 (1920) 48 


Na2C^H3As03 

A 1-1972 

Disodiurn methylarsenite was sealed in a tube with })ure nitric acid 
(sp. gi*. 1 . 35 ) and heated for 0 hours in order to destroy the organic 
material. The contents of the tube were allowed to evaporate on the 
steam bath. The residue was heated to 200 ° C and finally made red-hot 
to gain a constant weight product. The product is sodium pyroarsenate. 

(4Na2CH3As03 6O2 — * 2Na4As207 -|- 4 CO) -j- (6H2O)) 

Adrian and Trillat, Ann. Chim. Anal., 7, 284 (1902) 76 
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NaOH 


Na(CHl2)2As()o 


1-1973 


It has been shown that sodium tctraiodocacodylate decomposes when 
heated with aqueous alkali to form methylene iodide and sodium arsenate. 

Na(CHl2)2AsO.. + 2NaOH -> 2CH2I2 + Na3As04 


Auger, Compt. rend., 146, 808 (1907) 
lief.: Auger, Compt. rend., 146, 1281 (1908) 


NaOH 


Na2CHl2As()3 


1-1974 


It has been sliown that sodium diiodomethylarsenite decompo.se.s when 
heated with aqueous alkali to form methylene iodide and sodium ar- 


senate. 

NaoCHIoAsOa + NaOH -> C'HoI. + NaaAsO^ 

Auger, Compt. rend., 146 , 808 (1907) 

Ref.: Auger, Compt. rend., 146, 1281 (1908) 


h 


NaH2As03 

M976 

5 cc of a solution of iodino was diluted with 20 cc. water and 0.5 s- of 
sodium hydrogen carbonate added. The mixture wa,s titrated at ontr 
with a standardized solution of sodium dihydrogen arsemte, add('d drop- 
WLse, until the solution turned colorless. No starch was necessary. 

HiAst'tj- + 1= + H2O -> HoA.sOr + 2H+ + 21“ 

^ 1 1 '2 
B. S. Alstodt, J. Am. Pharm. A., 29, 227 (1940) 


NaH2As()3 


Na2S203 


1-1976 


Sodium thiosulfate reacts with sodium dihydrogen arsenif- N-ielding 
monothiometarsenite. 

Xa.S.,03 + Nall^AsOs Na.VsOS + Xa=S(h + HA) 

A. Gutmann, Z. anal. Chem., 66, 224 (1925) 


28 


NaIl2As(>4 

Hg(N03)2 

Mercuric arsenate is formed witen a solution 
ai-senate is treated with mercuric nitrate. 

2NaH2As04 + 3Hg(N().3)2 + 

K. Haack, Ann., 262, 184 (1891) 


M977 

of sodium dillydrot^en 
(2NaN()3 + 411X03) 

25 
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NaH 2 As 04 

M 0 O 3 1-1978 

HoO 

Arsenic acid is formed when sodium dihydrogen arsenate is acted upon 
by molybdenum trioxide and water. 

NaH.AsO^ + M0O3 + H2O H3ASO4 + NaHMo04 

C. Friedhcim, Z. anorg. Chem., 2, 364 (1892) ^5 


NaHoAsOsS 

Decomp. 1-1979 

vSodium dihydrogen monothioarsenate is not stable. After a few hoius 
decomposition takes place. 

NaH 2 As 03 S ^ NaAsO. + H.O + S 

U. F. Weiiilaiul and O. Rumpf, Z. anorg. Chem., 14, 42 (1897) £8 


NacH.Vsf >3 

HoS M981 

Sodium arsenite absorbs hydrogem sulfide rapidly to form thioarsenites. 

2Xa..HAs()3 + 5H..S = Xa 4 AsoS 5 + CHoO 

(.lollinar, Ind. Eng. Chem., 26, 131 (1934) 34 


X^aoH.VsC )3 

Na>S203 M982 


Sodium monothioarsenate is formed when sodium thiosulfate' is tn'ated 
with disodium hydrogen arsenite. 

Xa2HAs()3 + X’a 2 S 203 — > XasA-sOsS + XaHSOa 

Wcinland and Gutmann, Z. anorg. Chem., 17, 409 (1898) / 


Xa.HAsOa 

Na,S203 1-1983 

Crystals are formed when a concentrated solution of rlisodium liydrogen 
arsenite reacts with sodium thiosulfate solution. 


Xa2HA.^()3 + Xa2S2()3 XajAsSOs + XUHSO 3 


R. F. Weinland and A. Gutmann, Z. anorg. Chem., 17, 409 (1898) 


38 
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NaoTTAsOi 

AgNOa 1-1984 

Addition of silver nitrate to an ai-senate solution does not completely 
precipitate the ai'senate due to the latter’s solubility in the nitric acid 
formed. Addition of an acetic acid-sodium acetate buffer results in 
complete precipitation of the silver arsenate. 

XaoHAsO, + 8AgX03 Ag3As04 + 2XaX03 + HXO3 


L. Hart, Iml. Knj;. Cheiu., Anal. Kd., 1, 134 (1929) 


33 


Xa2lTAs()4 


AssOa 


1-1986 


BeS 04 

(NH4 )oS 04 

A solution of disodium orthoarsenate to which ammonium sullate 
and arsenic pentoxide were added, will react with a solution of beryllium 
sulfate, yielding a wliite precipitate, ammonium beryllium arsenate. 

(a) XaolIAsO, + Xa..XII,As(>, + XIIJISO, 

AsjOa + :Hljt> — * 2II;i.Vs()i 

(c) 2Il3As()4 + 2(XIl4)-.S(), - 2XIIdl.As(). + 2X11,11^0, 

(d) Xa,XH,.\s(), + + 2BeS()4 + \)\W 

2BeXIli As()4 0Hj<> + 2NaHS()4 

B. Blcvcr ami Hr. Miillt'r, Z. amir^. t'luMii.. 76, 2S5 (1912) 


28 


NadlAsO, 


BeSO 


M986 


Disodiuin a.s,.nat.' |.^•(■i|.itat(■s t.iluMvlliu.n arsenate from beryllium 


svilfate. 


3BcS0, + 2XadIAsO,-. B<':,(As()d. + (2Xa,S(), + H.SO,) 

Blcvcr and Muller, Z. anorti- (’Ikmu.. 76. 2S;)^ 

Kef., ,1. b. Ihnve, J. Am. Chem. Soi-., 36, ISi (llM.i) 


] 


Xa.IIAsOi 


BeS04 


M987 


Beryllium arsenate is fnr.ue.l uh.-u iKUTllium sulfate .eaets with ,liso- 
dium acid ai*senate. 

Xa-.HAs ()4 + BeS()i-> BellAsO, + (Xa,S()4) 

Blcvcr and Muller: Z. am.rg. Clu-m., 76. 'iS/ (1912) 


/ '» 
«. •/ 
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Na2HAs04 

(C2H302)2Ca 1-1988 

The tricalcium salt of arsenic acid is formed by reacting disodium 
arsenate with calcium acetate. 

3(C2H302)2Ca + 2Na2HAs04 ^ Ca3(As04)2 + 4NaC2H302 + 2HC2H3O2 
S. V. Pickering, J. Chem. Soc. (London), 91, 307 (1907) 109 


Na2HAs04 

(C2H302)2Pb M989 

Lead acetate reacts with disodium orthoarsenate to produce neutral 
lead ai*senate. 

3(CoH302)2Pb + 2Na2HAs04 Pb3(As04)2 

+ IC’sHaOsNa + 2HC2H3O2 

C. W. Drury and C. \V. Simmons, Can. Chem. Met. Kng., 9, ISl (1925) 15 


Na2HAs04 

(C2H302)2Pb M990 

Lead arsenate is formed when lead acetate reacts with disodium ortho- 
arsenate. 

3(C2H302)2Pb + 2Na3HAs04 ^ 

+ iCoHaOoNa + 2CTl3C(K)H 

Haywood, Bull. 105, Bur. of Chem. 

lief., Tatrar and Robinson, J. Am. Chem. Soc., 36, 1845 (1914) 1 


Na2HAs04 

(C2H302)2Pb 1-1991 

Lead hydrogen arsenate may be prepared from lead acetate and diso- 
dium orthoarsenate. 

((C2H302)2Pb + NaoHAsO., = PbHAsO., + 2C2lL02Na) 

Streeter and Pearce, Ind. Eng. Chem., 23, 1140 (1931) H 


\a2HA.s()4 

(C2H302)2Pb-3H20 M992 

Lead acetate, when treated with disodium orthoarsenate, produces 
lead arsenate, acetic acid, and .sodium acetate. 

2Na2HAs()4 + 3Pb(C2H302)2-3H.A) 

^ Pb 3 (As() 4)2 + 2C2H4O2 + K'2lh(\ya + OILO 

S. U. Pickering, J. Chem. Soc. (London), 91, 309 (1907) 102 
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Na2HAs04 

Ca(N08)2 

If one places a dish containing disodium orthoarsenate in a second, 
larger dish containing calcium nitrate and then fills both with water 
diffusion occui*s and a salt is deposited on the rim of the inner dish. 

Na2HAs04 + Ca(N03)2 + 2H2O ^ CaHAs04-2H20 + (2NaN03) 

H. Dufet, Compt. rend., 106, 1238-1240 
Ref.,'Ber.,21, 398 (1888) 


M993 


25 


Na2HAsO, 


FeCh 


1-1994 


.V gelatinous precipitate of ferric monohydrogen ai-senate forms when a 
solution of ferric chloride is treated with a solution of disodium ortho- 


solution 
areenate. 


2FeCl3 + SNa-HAsOi — > FcsCHAsOda + ONaCl 


H. N. Holmes and 11. E. Kiiuifusz. J. Am. Cliem. Soc., 38, 19/1 (1916) 


1 


NasHAsCh 

^ . 1-1996 

Fe2(S04)3 _ - If * 

A yellow colored precipitate is formed when a solution of ferric sultate 

reacts with a solution of disodium orthoarsenate. 

rc 4 S 04)3 + aXajHAsO., ^ Fc 3 ().-, As .05 + 2Na.S(), + H.SO^ 

28 


II. Metzke, Z. anorg. Chem., 19, 457 (1890) 


Na-jHAst >4 


M996 


Fe2(S04)3 i. • ( ri 

A fine bright yellow precipitate of neutral ferric orthoarsenate is formed 

when (lisodinm orthoarsenate reacts with feme sulfate. 

2Xa=lIAs(). + Fe.AS().)., - 2 FeA.s(h + 2Xa3S(), + IFSO., 

Metzke, Z. anorg. Cliem., 19, 468 (1899) ^ 


25 


praipH.f i. lorn., ..I .vl.'P • "< '”"■<■“* 

with an exce.ss of disodium orthoai>enate. 

(iXa2nAs()4 + 23IIgC'l-.> + I2ll2(> 

[Hg3(As(),)2lr(ni^<-'h)3-(HK<>Xi^j^^ + (l2NaCl + 24IK. ) 


K. llaack, Ann., 262, 1S7 (1891) 


25 



488 


KXCVC'LOPKDIA 0 ¥ CHEMICAL REACTIONS 


Hg(N03), 


Na2HAs04 


M998 


M(^rcuric ars'eiuite is formed when mercuric nitrate reacts with dLsodium 
orthoarsenate. 


2Xa2HAs04 + 3Hg(X03)2 Hg3(As04)2 + (dXaXOj + 2HXO3) 

K. Hfiack: Ann., 262, 1^4 (1891) 25 


XaoHAsO, 

NaOH + CaCL 1-1999 

If a molecular (luantity of sodium hydroxide is added to a solution of 
disodium ortlioarsenate in the presence of an excess of calcium chloride, 
tricalcium ar.^cnate i.s produced. 

2Xa:,HAs04 -h 2Xa()H + ^C'aCL Ca;,(AsO.)2 + (iXaC'l + 2H2O 

UccmIv and Hang, J. Ind. Lug. C'hcin., 13, 1038 (1921) 22 


Xa.liAsO 


PblNOa), 


1-2000 


Lead nitrate* reacts with disodiiim ortlioarsenate to j)io(luce l(*ad hydro- 
g(‘n arsenate*. 

IM)(XO;i )2 + XadIA.s 04 -> PbILVsO, + 2XaX();, 

('. \V. Drury and ('. W. Situinnns, Can. Clu'in. Met. Kng., 9, 181 (1925i 
Kef.. .Icllinck and Kuliii, Z. anurg. (’luua., 138, 121 (1924) 


/.5 

35 


Xa-jl I.\s( >i 

Pb(N03), 1-2001 

Lead hydrogen arsenate forms wlu'ti di.'^odiuin ortlioar.senate* reacts with 
l<‘a<l nitrate. 

Pb(X()3)2 + Xa>HAs()t ^ PbHA.sO, + 2XaXO., 

Ila.vuuod, Bull. lO.y Bur. of Clioiu. 

Bcf.. Tartar and Robinson, J. .\m. Clu-m. Sue.. 36, 1S44 (1911) / 


Na-jl I.Vst >1 -Tlljt ) 

FeNH,(S04)o ■ 12H,0 1-2002 

.V yellow precipitate of ferric orthoar.senate is fojined wli(*n a solution of 
ferric ammonium sidfate is dropped into a .solution of di.sodiiim ortho- 
arsenate*. 

2 Xad!As()r 71 L(> + 2 PeX 1 1 ,(St ),), ■ 1 21 1,0 -* 

2Fe(AsO,)-5II,() + (2XaNO; -f ILSOi + 28ll,0 + (XlI,l,SO,) 

.M. tzkf, Z. anurg. Clicin., 19, 4.>7 (|n99i 


35 
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XaoHAsOr I2II.>0 


NaOH 


1-2003 


lo hytlratod tlLsotlium ai'sonatc in solution add an 0 (|uivaIent amount of 
sodium hydroxide. Ihen t*onc(‘ntrato and crystallize, yieldinj^ tlie cor- 
responding trisodium salt. 

Xa2HA.s()4-12H2() + XaOH Xa^.Vsth ■ 12H.>() + (HoO) 

Thomas Graham, Trans. Hoy. Soc. (I.oiulon), 123, 253 (1833) 


105 


XadlAsO^- 1211.0 

Decomp, 1-2004 

A T-tuhe is packed with freshly prepared air-dried sodium arsenate 
a ^ 4 I a 11 1 air is ivspirated over tlu* salt for (i hours. Sodium 

ai'senate heptahydrate is formed, the di.'^sociation pn'ssure of th(‘ reac- 
^ tion being 11.10 mm at 25°. 

Xa.HAsOr 121120 ^ Xa^H.VsO.,* 71120 + 5 H 2 O 

James H. PartinKtan ami 1). U. J, ('hem. Sck*., (Lomhni). 123, Kis 

‘1 (> 9 ( 1023 ) 'f8 


Xa>n As( laS 


AgNO., 


1-2006 


A precipitate of l)lack silver sulfide and red-hi-own silvei’ ai’senate is 
formed when a solution of disodium monothioar.^cmate is ti’eated with 
an (‘xcess of silver nitrate. 

Xa2lIAs03S -f 5.\gXO, + II-J) 

AgoS + Ag.v\s ()4 + 2XaX(h + 3HXO,, 

K. Preis, .\nn., 267, 1S2 (1890) 


25 


Xa2HAs03S 


Bad. 


1-2006 


Small colorless crvstals of hariuiu monol hioaisenate sei)arate wlu'ii a 

% 

solution of disodium monothioars(Miat(‘ is treated with a concentratc'd 
solution of barium chloride. 

XaoHAsOaS + MaCl. + lOll-O — Ikd 1 As( );,S - lOlM) + (2Xa(' 

K. Preis, .\nn., 267, ITS 
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Na^HAsOaS 


1-2007 

A pale yellow precipitate of ai-senic pentasulfide is obtained when di- 
sodium monothioarsenate is saturated ^vith hydrogen chloride. 

SNazHAsOsS + 25HC1 AsgSs + lONaCl + ISHzO + SAsCL 

K. Preis, Ann., 267, 183 (1890) ^ 


NajO • (As2S2)6 • 3(As2S40) 


NaOH 


1-2008 


The above salt is decomposed by sodium hydroxide into arsenic disulfide 
dithioarsenate. 

(Na20)4- (As2S2)6*3As 2S40 + lONaOH GNaaAsSzOa + 6AS2S2 + 5H2O 
K. Preis, Ann., 267, 195 (1890) 


(Na2S)3’ AS2S6- (H20)i5 

1-2009 

(’rystallized hydrated sodium tliioarsenate is reduced by hydrogtai. 

At low temperatures the water of hydration escapes; higher tempera- 
tures produce a yellow sublimate, probably sulfur, which later escapes 
and leaves a distinct arsenic mirror. 


(a) (Na2S)3*As2S5- (H20)i5 ^ (Na2S)3*As2S5 + 

(b) (Na2S)3-As2H5 + Ho ^ S + As -h ? 

L. F. Nilson, K. Sv. Vet. Akad. Handl., 10, 13 (1871) 


I5H2O 



(XiAs)2 



1-2010 


Nickel ai-senide is decomposed by sulfur monochloride when a mixture 
is heated in a sealed tube at 170°C. 


(NiAs)2 + oSoC'U — * 2NiC’l2 2AsCl3 + 5S: 


K. F. Smith, J. Am. Chem. Soc., 20, 292 (1898) 


i 
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KCN 


Ni3(As04)2 


1-2011 


Nickel areenate (or a mixture of ai'senic and nickel oxide) may be re- 
duced by potassium cyanide to form a nickel arsenide. 


Ni3(As04)2 + 8 KCN ^ N^Asa + (8 KCNO) 

Descamps, Compt. rend., 86, 1022-1065 (1878) 

Ref.: E. Vigouroux, Compt. rend., 147 , 426 (1908) S8 


Ni3As409 

HCl 1-2012 

Nickel tetrai-senite is decomposed by hydrochloric acid, giving amenic 
trioxide and nickel chloride. 

y'hAsiOo + OHCl ^ 3 NiCl.> + 2AS2O3 + SHaO 

Girard, Compt. Rend., 34, 919 (1852) ^9 


Ni3As409 

HNO 3 1-2013 

Nickel tetrai'senite is transformed into nickel arsenate and areenic tri- 
oxide by the action of nitric acid. 

Ni 3 As 409 + 4HX()3 -- Ni3(As04)2 4- A.SaOa -h 4X0^ -f- 2 H 2 O 

Girard, Compt. Rend., 34. 919 (1852) ^9 


KOH 1-2014 

Upon heating with potassium hydroxide, nickel tetrai:senite Ls decom- 
posed, giving a black precipitate of nickel oxide. 

Ni3As409 + I2K<)H -> 3Xi() -f- 4K3ASO3 + (>H,>() 

Girard, Compt. Rend., 34, 910 (1852) 


Xi3.\S409 


1-2016 


Upon heating nickel tetrarsenite in air, a suldimate of aisenie trioxide i.s 
formed and nickel arsenate is lett as a residue. 

4Xi3As40o - 4Xi3As()4 4- dAsJJ, + (), 

Girard, Compt. Rend., 34, 919 (1852) 


29 
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NL\sS 


S2CI2 


1-2016 


Xickel monothioarseiiide, (geisdorffite), is fully decomposed by sulfur 
monochloride when a mbcture is heated to 170°C. in a sealed tube. 

2 XiAsS + 5S2CI2 ^ 2 XiC'l 2 + 2 AsCl 3 + 6S2 

E. E. Smith, J. Am. Chem. Soc., 20. 292 (1898) ^ 


Xi3(As04)2-8H20 


HCl 


1-2017 


A salmon-colored nickel chloride is obtained when nickel amenatc is 
slightly heated with hydrogen chloride. 

Xi3(AsO,,)2 -81100 + OHCl -> 3XiClo -b 8 H 0 O + 2 H 3 ASO .1 

.1. B. Moyor, .1. Ain. Chcm. Soc., 18, 1013 (1896) ^ 


PA^ 


HNO3 


1-2018 


Dilute nitric acid oxidize.s phosphorus arsenide to arsenic and phosphoric 
a<‘ids. 

.3PAs + IOHXO3 + W2O BlEAsO, + 3II3PO1 + 10X0 

Jnc. Janowsky, Bcr., 6, 217 (1873) 


PA.‘ 


KOH 


1-2019 


Potassium hydro.xide reacts with pliospliorus ar.senidc' in tlie cold to 
I'orm phosphine, arsine, arsenious acids, and arsenic. 

(a) ( 2 PAs + (iKOll — > PHs + AsIIa + K3PO3 + K3ASO3) 

(1>) (Asil.3 + K3ASO:, ^ 2 As + 3 KOH) 

Jac . V. JaJiowsky , Bcr., 6, ‘217 (1873) 


// 


PA.-^ 


O. 


1-2020 


IMio.-pltonis ar.M'nide Iniriis in the aii' to phosphorus and arsenic ix-nt 
oxide. 

2I'.\s h .')(), ■ • IO>:. f A>:n, 

.laiiow.sky, Bcr., 6, 217 i,ts73; 


// 
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PI)As 2S4 

A 1-2021 

Dufrenoysite is formed when skleroklas is heated. 

2PbAS2S4 — > P1)2.\S2S5 -1- AS2S3 

Sommcrlad: Z. anorg. Chcm., 18 , 420 (1898) 25 


PbIIAs04 

SoOs 1-2022 

Monolead ai*senate is prepared by adding solid lead hydrogen ai'senate 
to a hot solution of ai'senic pentoxide. 

2PbHAs04 + AS2O5 + 3H-.0 2Pb(H>As04)2 


Tartar, Kicc ami Sweo, J. Am. Chcm. Soc., 63, 3950 (1931) 


/ 


PblLAstb 


1-2023 


Lead hydrogen ai’senate ignited on charcoal gave lumes ol ai'senic tri 
oxide and metallic lead. 

2PbHAs()4 + 4(’ 2Pb + As.O^ + (H.O + 4('()) 

William Gregor, Trans, llcjy. Soc. (London), 99, 19S (1S09) 


105 


Pbll.Vsl )4 


CH.COONa 


1-2024 


Lead livdroxvarsenate is lorna'd wlien haul In'drogen ai'senate i^ 1 i(*at('d 

V' • 

with sodium acetate. 

5PI)IL\.s 04 + dCHaC’OOXa + II>0 P1)60H (.\s04);i 

-b K’lLCOOlI + 2XadlAs(), 

G. E. Smith, J. Ain. Clicm. Sot-., 38, 201H (191GI ^ 


iM)n.V‘^()4 

CaCOs 

Mg(OH)2 

Lead liydrogen arsenate reacts witli llie eaiLonates and hydroxides ot 
calcium and magnesium in the same geiu'ral \\a\. 

(a) ('a('<>, f PI)1IA>(»^ - ( ‘ai i.\s( ), i Pb( 

(I)j .\Ig(t)II)j b PblLX.-Ot -.MgllA.^Oid 

Streeter and Pearce, Itid. lAig. C'liem,, 23, 1110 (PMl t 


1-2026 


/ i 

i 
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PbHAs04 

HNO 3 1-2026 

Lead hydrogen arsenate is dissolved by nitric acid, yielding lead nitrate 
and orthoarsenic acid. 

PbHAs04 + 2HNO3 Pb(N03)2 + (H3ASO4) 

William Gregor, Trans. Roy. Soc. (London), 99, 198 (1809) t06 

s 

PbHAs04 

HOH 1-2027 

Hydroxy-minetite is fomied when lead hydrogen arsenate is decomposed 
l^y water. 

5PbHAs04 + HOH Pb^CPbOH) (As04)3 + 2H3ASO4 

McDonnell and Graham, J. Am. Chem. Soc., 39, 1912 (1917) 

Ref., J. Chem. Soc. (London), 112, 534 (1917) f 


PbHAs04 


NH 3 


1-2028 


Lead orthoars(‘nato is formed by the action of ammonia on lead hydro- 
gen arsenate. 

3PbHAs(.)4 + 3XH3-^ Pb3(A.s()4).. + (XH4)3AsO, 


Berzelius, Ann. Chiin. phys., (2), 11, 229 (1819) 

Ref., McDonnell and Smith, J. Am. Chem. Soc., 38, 2032 (1916) / 


PbHAs04 


NH3 

C3.3O2NH4 


1-2029 


Tctralcad-hydroxyarsenat<* is prodneetl when lead hydrogen ai-senatc Ls 
added to hot concentrated ammonium acetate solution to which has 
been added about 1/4 its volume of concentrated ammonia water, and 
tlie whole added to a large volume of hot water. 

SPbllAsOj + 5 XH 3 + C2H3()>XH4 4- 2 H 2 O 

— > Pb4(Pb(4H) • (As 04 ) 3 ' II 2 O 4“ 2(NH4)3As()4 -|- HC 2 H 3 O 2 ) 

McDonnell and Smith, J. Am. Chem. Soc., 39, 940 (1917) 
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PbHAsOi 

NH 4 OH 1-2030 

A hydroxy lead orthoarsenate is formed when lead hydi’Ogen ai'senate is 
digested with ammonium hydroxide for three hours on a water bath. 

SPbHAsOi + 6 NH 4 OH ^ Pb60H(As04)3 + 2 (NH 4 ) 3 As 04 + SH^O 

G. E. Smith, J. Am. Chem. Soc., 38, 2016 (1916) 1 


PbHAs 04 

Na2B407 1-2031 

A hydroxy lead ai*senate is produced when lead hydrogen arsenate is al- 
lowed to react with sodium tetraborate. 

5PbHAs04 -f- 2Na2B407 H 2 O — > Pb 50 H(As 04)3 

+ 2Na2HAs04 + 2 H 2 B 4 O 7 

G. E. Smith, J, Am. Chem. Soc., 38, 2018 (1916) 1 


PbHAs 04 

NaNOa 1-2032 

Lead hydroxyorthoarsenate Ls produced when l(!ad iiydrogen ai’senate 
is allowed to react with sodium nitrate. 

5PbHAs()4 + 4NaN()3 + H.O P]i 50 H(As 04)3 

4- 2Na2HAs()4 + 4 HNC 3 

G. K. Smith, J. Am. Chem. Soc., 38, 2018 (1916) i 


PblIA.s 04 

Na2Si03 

Lead hydroxyorthoai-senate is pioduct'd when lead liydrogen arsenati* 
reacts with sodium silicate. 

5 PbHAs 04 + 2 Na 2 Si 03 + H 2 O Pb 5 ()H(As 04)3 

+ 2 Na 2 liAs 04 + 2H2Si03 

G, E. Smith, J. Am. Chem. Soc., 38, 2019 (1916) 


1-2033 


1 


PbIlAs 04 

1-2034 

Lead pyroarsenate is formed when h-ad hydrogen arsenate is fused at 
dull red heat. 

2Pb]L\s()4 P 1 ) 2 As 207 + H.*() 

Tartar and Robinson, J. Am. Chem. Soc., 36, 1849 (1914) / 
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Pb2AS207 

NH,OH 1-2036 

orthoarsenato formed when load pyroai-senato is allowed to react 
with ammonium hydroxide. 

3Pb.:As.>()7 + ONIROH 2Pb3(.\s()d2 + 2(NH4)3A.s04 + ShLO 

Berzelius, 

Bef., Tartar and Bobinson, J. Am. Cheni. Soc., 36, (1914) / 




A 


Jordanite is formed when dufrenoysite is heated strongly 

2P1>-.AS2S5 ^ Pb4As2S7 + As->S3 

Soinmorlad, Z. nnorg. Cliom., 18 , 420 (189S) 


1-2036 


28 


Pb3(As ( ),), 


HCl 


1-2037 


Lead orthoarsenat(' is converted into tlie cori-(‘sponding acid when 
h<*ated in a current of hydrogen chlorid(‘. 

Pi> 3 (As(),)> + GHC’l -> 3P1)('L + 2ir3As()4 

Smith and Hibbs, J. Am. Chcni. Soc., 17 , 084 (1S95) 


1 


PI»3(As( ),)■_• 

HNOs 1-2038 

Hoil lead orthoarstaiale for a time with nitric acid (wliich may vary in 
concentration); \ipon t-ooling, crystals of lea<l nitrate deposit and the 
solution contains arsenic acid. 

1M)3(As(),)'> 4- hHXO;, 3PI)(Xt ):,)■• + 2 H.iAs()4 

}•). Duvillier, C’ompt. Bond., 81, 1251 (ISTo) 


Pl>.3fAs( hb 


H,S04 


1-2039 


4 

I'lX)!! adding conct'ntrat<‘d sulfuric acid to powdere<l lead orthoai-.'^eiiate, 
heating strongly, and then cooling and diluting with water, lead sulfate 
is obtained. 

Pb3(As(),)> + 31d)S() i + 2Il3As()4 

r S. liur. Chem. Bull., 107, 239 (1910,) 
lU-f.. B. C. Boark, .l A.O.A.C.. 3, 103 (1917) 


4 ^ 
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rb3(As04)2 

KI 1-2040 

Ai*scnic is reduced from the peiita to the trivalent state and iodine Ls 
liberated when powdered lead orthoai'senate, dissolved in concentrated 
HCl, is treated with potassium iodide and ammonium chloride solution 
35°-40°C. Calcium ai'senate undergoes a similar reaction. 


Pb3(As04)2 + 8HCI -h 4KI -h 2NII4CI 

2XH4AsOo + 2I2 -b SPbCb + 4KC1 + 4H2O 

W. A. U. Naylor, Phann. J. ami Trans., 10, (3), 441-2 (1879) 

Ref., R. C. Roark, J.A.O.A.C., 3, 164, ff. (1917) 


PtAsOH 


H2SO4 


1-2041 


Concentrated sulfuric acid decomposes ])latin\im ai’senic h\ dioxide 
into metallic platinum an<l ai'senie trioxide when warmed. 

2PtAsOII + 2H.>S()4 2Pt + -f 311-20 -H 2S().. 


1). Trivoli: (lazz. clnin. Ital. (14), 4S7 
Ref.. Her. 18, 137 (1HS5) 



PtAsOII 


1-2042 


A platinum arsenitle is formed wlii'u platinum arsenic hydroxide is 
heated strongly in a stream of <lry eariion dioxide. 

(iPtAsOU — > -VSo();i -f- 2Pt3.\S:> + 3 H 2 O 

D. Trivoli, Gazz. cliim. Ital., 14, 4S7 GSS4I 
Ref., Bcr., 18, 137 (1SS5) 


2 ^ 


PtAsOH 


1-2043 


If ar-senious hydroxyplati.iat.- is l.oatod tlu- followins roa<-ti.,M takes 
place : 

(iPtAsOH — > -Vs-.O;, 4 - 2Pt3.\s,. + 3114) 
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RbH2As04 

RbOH 1-2044 

Dirubidium orthoareenate is obtained by treating 1 mole of rubidium 
dihydrogen arsenate with 1 mole of rubidium hydroxide. On heating the 
product rubidium pyroarsenate is formed. 

(a) RbH2As04 + RbOH Rb2HAs04-H20 

(b) 2Rb2HAs04 • H2O Rb4As207 + SH-O 

A. Bouchonnet, Compt. Rend., 144, 641, 18, 3 (1907) 

Ref., R. Marquis, Bull. Soc. Chim., [4], 1, 646 (1907) 31 

Sn3As409 

HCl 1-2046 

Metallic arsenic i.s precipitated when stannous arsenite is digested with 
hydrochloric acid. 

Sn 3 As 4()9 + 12HC1 ^ SSnCh + ^ -f AS 2 O 3 + 6 H 2 O 

C. Reichard, Bcr., 27, 1019 (1894) 25 


Sn3A.S409 


KOH 


1-2046 


Potassium stannate is formed when .stannous ansenite i.s treated with a 
solution of potassium hydroxide. 

Sn3As409 + (iKOH .SK.SnO., + 2As + AS2O3 SH.O 


C. Reichard, Ber., 27, 1019 (1894) 


$6 


A 1-2047 

Ars(*nic and arsenic trioxide are formed when stannous arsenite is sub- 
limed. 

Sn3As40g — > SvSnOo + AS2O3 -f- 2As 

Reichard: Ber. 27, 1019 (1894) 25 


\ 2 O 4 • 2 AS 2 O 5 

O 2 1-2048 

Vanadium arsenate is fomned when divanadyl arsenate is oxidized. 

2( V204 • 2AS2O5) “h O2 — > 2(\^205 ■ AsiOj) -f- 2A.S2O5 
C. Friedheim, Ber., 23, 2600 (1890) 25 
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Zn3As2 


HCl 


1-2049 


When zinc ai'senide is dissolved in hydrochloric acid, a small quantity 
of ai'senic precipitates as a brown, finely divided material. 

ZnaAs-. -f OlICl 2As + 3ZnCl.. + SHo 


Cf. Soubciraii, Ann. chim. phys. ‘ind ser. 43, 421 (1830) 
Ref., Wiederhold, Pogg. Ann., 118, 615 
** Janowski, Bull. Soc. Chim., 20, 77 
“ Engel, Compt. Rend., 77, 1545 (1873) 


Zn(As (>>)2 


HCl 


1-2060 


Ai-senif is removed from powdered zine ai-senite iis the volatile tri- 
chloride upon addition of a mixture of equal amounts of liydrobromR' 
and hydrochlorie acids and evaporation to dryness. Any As present is 
reduced to As’" by the hydrogen bromide. 

ZnCAsO.)-. + llHCl 2AsCl., -1- ZnO + 3H..() 

R. C. Roark, J.A.O.A.C., 3, 174, 338 (1917) 


42 


Zn(As02)2 


NaHCO 


1-2061 


To determine amenic a.s .As"’ in a sample of zinc metai^ienUe, the sam- 
ple is dissolved in acetic acid, heated if necc^sa^, 
addition of oxalic acid. The solution is treated with H.SO, and KI a 
then boiled. Excess iodine is removed ivith thiosulfate solution. Aftei 
addition of sodium bicarbonate in excess, titration with standaid lodim 

determines ai*senic as As . . • i 

Antimony present is also determined by this method. 

(a) Zn(As(b).i + 2 XaHC 03 - 2Xa.As(b -f ZnO + 2C(b + H,() 

(b) XaAsO. -1- I-. + lli<) N'uAsOs -b 2HI 
R. C. Roark, J.A.O.A.C,, 3, 175, (1917) 


42 
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Zn(As02)2 

NaoOs 1-2062 

Aisenic in zinc meta arsenite (dissolved in dil. H2SO4 and then made 
alkaline with KOH) is oxidized to arsenate with sodium peroxide. The 
zinc is then deposited electrically with a rotating anode, in a nickel 
crucible. 

3Zn(As(L).. + 12KOH + Na202 

— > Zn3(As04)2 2^»a()ll -|- 4K3As04-f-(5H2) 

Balls and McDonnell, J. Ind. Eng. Chcm., 7, 26, (1915) 

Ref., R. C. Roark, J.A.O.A.C. 3, 174, (1917) 4 $ 


BARIUM 

Ba 


C2H2 


1-2063 


The l)lue .solution of l)arium metal in liquid ammonia is add(‘(l to a solu- 
tion of acetylene in the same solvent, without allowing the entire body 
of reacting solution to become blue at any time. The reaction recjuires 
al)Out 40 minutes. 

The i)rodiict is very unstable and decomposes after standing for a few 
moments, even in an atmosphere of ammonia. 

Ba + 2C’2H2 -> Cdr2Ba + II. 

Vauglin, Hennion, Vogt and Xicuu'land, .1. Org. Chcin. 2, I (li).3S) 


77 


Ba 


CaCl> 


1-2064 


Thc‘ ecjuilibrium of barium metal with molten ealeium chloride is d(‘ter- 
min<‘d elect rochemically at about 1000°C. 

Ba 4“ CaCb BaCb 4" ('a 

K. Jellinok, J. Czerwinski, J. Wolff and G. Toinoff, Z. Klektrociicin., 31, 543 
(1925) 


86 


H 


o 


Ba 


Barium heat(‘d in a curnait of hydrogen forms barium hydi'idc 

11.. f Ba -- IkilL 

(luntz. .Ann. rliini. |)liys. [VIIIl 4, 15) (I’K).”)) 


1-2066 


IDO 
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NH: 


Uu 


Barium amide forms by action of ammonia on barium at 280°. 

Ba + 2 NH 3 Ba(NH,).> + (H.) 

Guutz and Meiitrol, Bull. Soc. Chim., (3), 29 , 585 


1-2066 


Ref., J. Am. Chem. Soc., 26. 1293 (1903) 


Ba 


NH; 


1-2067 


Barium hoxammoniatc is formed when barium unites with ammonia at 
temperatures not above 28°. 

Ba + (Ba-OXH^) 

Guntz and Mcntrel, Bull. Soc. Cliim., (3), 29 , 585 
Ref., J. Am. Chem. Soc., 25, 1293 (1903) 


13a 


Na 


1-2068 


The equilil)rium between sodium metal and molten barium chloride is 
determined elect rochemically at about 1()00°C. 

2Xa + BaC’b ^ 2XaCl + Ba 

K.Jellinek, J. C/,envi,.ski. .1. WnllT an.l (1. TomofT, Klckfchuin., 31. .>t:i 


(1925) 


HaBrj 


Br. 


1-2069 


Whoa Ijariuai laonii.lc is ilissolv.sl ia aa a.iaooas salatiaa of biomiBC, 

the tribromidt' is lorinc'd. 

HaBij + 213ij — Ba(Br.i)j 

C. K. Tinkler, J. Chem. Soc., U-<mdon'. 93, Hil l (1908) 


B:iBr> 

1-2060 

CO» “1“ Oo 

' A a.ixtuiv af .-a. I.-.a .liaxi.l.' atal ..xyW'a is l.a>s,.,l tta<.agl. a solatioa of 
l)arium bromide- 

‘2BaBr, I 2t 'O, 1 (C > 213:i( '( ), f 2Br, 

Sehiluw, Z. IMiys. Cli.-m,. 42. till _ _ 
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BaBr2 

NH3 1-2061 

Recently fused barium bromide reacts with ammonia at — 30 ° and the 
excess NH3 evaporated at 0°. 

BaBi’s + 8NH3 — > BaBr2 ■ 8NH3 

Joannis, Compt. rend. 140, 1244 (1905) 25 

BaBr2 

NH3 + K 

Barium bromide reacts with liquid ammonia and potassium. 

BaBr.> + 2 K + 2NH3 BaCNH.)^ + 2 KBr + Ho 

Joannis, Compt. rend., 140, 1244 (1905) 

Ba(Br 03)2 

H 2 SO 4 1-2063 

A solution of barium bromate reacts with sulfuric acid. 

Ba(Br03)2 + H2SO., BaS()4 -b 2HBr03 

O. Burchard, Z. Phys. Chem., 2, 796 (1888) 25 


1-2062 


25 


Ba(Br 03 ) 2 H 20 

Gd2(S04)3 8 H 2 O 1-2064 

Gadolinium bromate crystallized out when a very dilute solution of 
gadolinium sulfate was added with vigorous stirring to an aqueous sus- 
pension of barium bromate and the mixture kept on the steam bath 
several hours. 

Gd 2 (S 04)3 • 8 H 2 O -\- 3Ba(Br( ) 3)2 • H 2 O -}- / H 2 O 

^ 2 Gd(Br 03 ) 3 - 9 H 2 () + (SBaSO^) 

Spcdding and Nutting, J. Am. Chem. Soc., 66, 499 (1933) / 

BaC03 

Ag2C03 1-2066 

HCN 

When hydrogen cyanide Ls led into a suspension of barium and silver 
caiLonates a double cyanide is formed. 

Ag^COj + BaC 03 + 4HCX Ba(CN) 2 - 2 AgCX + 200. + 2 H 2 O 

P. Wcselsky, Ber. 2. 589 (1869) // 
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BaCOa 


BaC 


1-2066 


2 

A mixture of three equivalent weights of barium carbonate and one of 
barium carbide is heated to redness without contact of air. 


3BaCOs + BaCa 4BaO + SCO 

Frank, Ger. Pat. 135,330 (1902) 


BaCOa 


BaCNOa). 

The reaction of barium carbonate and barium nitrate heated with coal 
in an electric furnace to a white heat is as follows: 

BaCOa + BaCNOa)^ + 2C 2BaO + 2 NO 2 + SCO 

T. H. Norton, J. Ind. Eng. Chem., B. 701 (1913) 


1-2067 




BaCOa 


Ba(N03)2 + C 

A mixture of barium carbonate, barium nitrate, and carbon is heated to 
redness. 

BaCOa + Ba(NOa)i. + 2C 2BaO + 2 NO 2 + 3CO 

Siemens and Co., Ger. Pat. 158,950 (1903) 


1-2068 


26 


BaCOa 


1-2069 


N. 


The reactions involving nitrogen fixation are studied in an electric 
furnace. 

BaCOa + 4 C + N2 Ba(CN)2 + SCO 
BaCOa -b SC + N2 BaCN. + SCO 

A. Schweitzer, Z. Elektrochem., 32, 99 (1926) 


86 
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BaCOa 

C.H.BrOCOOH 1-2070 

A hot aqueous solution of 5-bromo-aIphafuroic acid is saturated with 
barium carbonate, filtered and allowed to crystallize. Ciystals of 
barium 5-bromo-alpha-furoate with four water separate. A similar re- 
action occurs when this reagent is treated with calcium carbonate, silver 
nitrate, sodium carbonate or potassium carbonate. The calcium salt 
has three H 2 O. 

2CJL2lhOC0()II + BaC'Oa -> (ChHsBrOCOO)^!^! + TLO + CO. 

H. Hill anil C, Sanger, .\iin. 232, 49 (1886) 20 


Cl (HsCUNH • C2H3O) • SO3H 


BaCOj 


1-2071 


When barium carbonate is treated with ehloroacetonaphthylamine- 
sulfonic acid the solution yields the tetrahydrated l>arium .salt of 
chloroacetonaphthylamine-sulfonic acid as thin, colorless, leaf-like 
ciTstals with a pretty .silky luster. 


(a) IhiCU + 2 CioH5C’1(NH-C2H30)S()3U 

^ (II 2 O + C’O.) + BafCiolUCKXH-C.H/)) ^^,). 

(b) BafC,oH5C'lfNH-C2H30)-803)2 + 411.0 

^ Ba(C,nIUChXn-C'2H30)-S03).-(4ir.()) 


P. Hell.strom, I\. Sv. \‘et. .\kail. Hamll. Hihaiig. 16, II. \o, 8. (>7 MSI),) 


10 


C,,H5C1NH2S0.3H 


BaC()3 


1-2072 


\\’hen l)arium carbonate is tieated with chloroamidonaphthalene-sul- 
fonic acid the solution yields the di-hydrated barium .salt of chloro- 
amidonaphthalene-siilfoTiic acid as needles with a pale reddish bi'own 
tinge. 


(a) lhiCO.1 + 2(’,.H,(’I-XH.S().J1 

^ (tl.o + f(K) + Ba((',„IU('I XH, S(),,)j 

(h) Ba((',„H5C'i-XI[, S(),|, + 21 [,( ) ^ Ba(t', oHsC’l • XH. -SC ),). • ( II.O); 

P. Hell.stiom, K. Sv. Vet. Aknii. Hnmll. Bilianv.. 16, If. Xo, 3. ."jG (1S9(M 


to 
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liaCOa 

CioHeClSOsH 1-2073 

a-monochloroiiaphthalene-sulfonic acid reacts with barium carbonate 
and yields on evaporation tetrahydrated barium a-monochlornaph- 
thalene-sulfonate as broad liexagonal tablets. 

BaCO^ -i- 2 C’ioH 6C1S03H + 31L>() ^ CO* + (CioHeC1803)2Ba-4(H20) 

K. E. Ariiell, K. S. Vet. .Vkad. Ilaiull. Ofvers. 40, Xo. 6, 64 (1883) 10 


BaCOa 

C6H2(NOo)30H 1-2074 

When l^ariuiu carbonate reacts with picric acid solution, barium picrate 
pentahydrate crystallizes from hot concentrated solution in yellow 
prismtitic needles, '['his liydrate when heated to 80° forms the anhy- 
drous salt. 

BaCO:, + 2i\lh{XiUWn + 4\UO 

-> lC’6ll2(X0>)30l2Ba-5H.>0 + (CO.) 


O. Silberrad and II. Phillips: .1. Cliem. Soc., (London), 93, 481 (190$) 


57 


1-2076 


IhlC'O;, 

Ci8Hi5(S03)3H3 

Reten-trisulfonic acid reacts with barium carbonate and yiekls fine, 
colorless, prismatic needles of barium reten-trisulfonate. Ihe coue- 
sponding lead salt is maile in similar manner. 

2Ci8H , 5 ( 803 ) 3 ! 1.3 + 3BaC03-> (C,8Hi5(S0.3)3)2Ba3- (311.0) + SC’O^ 

O. G. Ekstrand, K. 8v. Vet. Akad. Ilandl. ()fveis.. 33, Xo. 7, 72-74 (1S7C) 10 


IhRX): 


C 0 SO 4 + HCN 


1-2076 


When hydrogen evanide is passed into a solution of cobaltous sulfate 
(cobalt vitriol) containing barium carbonate, a complex barium cobalt 

cyanide is formed. 

2C0SO, -h 5BaC()3 + 12HCN + lolhO 

-^>2BaS().i -b 13a3Co2(CN)ij-20ll2O + iSVOi + (Hj 
P. Weselsky, Her. 2, :m llSli'.O 


II 
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BaCOa 

CdS04 1-2077 

HCN 

When hydrogen cyanide is passed into a solution of cadmium sulfate 
containing barium carbonate, a complex barium cadmium cyanide is 
formed. 

3 CdS 04 + 5 BaC 03 + lOHCN ^ 2Ba(CN)2- (Cd(CN)2)3 

-b 3 BaS 04 + 5CO2 + 5H2O 

P. Wcselsky, Per., 2, 590 (1869) 


BaCOa 

CUSO 4 1-2078 

HCN 

Hydrogen cyanide, when passed into a solution of copper sulfate contain- 
ing barium carbonate in suspension, forms a complex cuprous barium cy- 
anide, cyanogen, barium sulfate and carbon dioxide. 

(a) 2 CUSO 4 + 4HCN ^ 2CuCN + (CN). -f 2 H 2 SO 4 

(b) 2 BaC 03 4- 2 H 2 SO 4 2BaS04 -f 2 CO 2 + 2 H 2 O 

(c) BaCOa + 2HCN ^ Ba(CN )2 + H 2 O + CO 2 

(d) Ba(CN).> + 2CuCN + H^O ^ Ba(CN)2*2CuCN-H20 

P. Weselsky, Ber., 2, 590 (1869) // 


BaCOa 


HCH3SO4 


1-2079 


Barium carbonate treated with methyl sulfuric acid yields four-sided 
tablets of di-hydrated barium methyl sulfate. 

BaC 03 + 2 HCH 3 SO 4 + H 2 O -- Ba(CH 38 ( 44 ) 2 - 2 (H 2 ()) + (CO.) 

J. E. Alcn, K. Sv. Vet. Aknd. Handl. Ofvers., 37, Xo. S, 12 (IHSO) 



HCN 


I5aC03 


1-2080 


NiS04 

When hydrogen cyanide is led into a solution of nickel sulfate, contain- 
ing barium carbonate in suspension, a double salt is formed, as well as 
barium sulfate and carbon dioxide. 

XiS04 + 2BaC03 + 4HCN + H.O -> Ba(CN)-Ni(CN)2-3H20 

4- BaS04 4- 2 CO 2 



Wescl.sky, Ber 


2, 590 (1869) 
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BaCOs 

HCOOH 1-2081 

Barium formate is produced when pure barium carbonate is dissolved 
in 90% formic acid. 

2HCOOH + BaCOa -> (HCOO) 2 Ba + CO 2 -j- H 2 O 

Kendall and Adler, J. Am. Chem. Soc., 43, 1476 (1921) ^ 


H 3 PO 4 


BaCOa 


1-2082 


Barium carbonate is added to a solution of orthophosphoric acid. 
Heating on the water bath will precipitate bai ium hydrogen orthophos- 
phate. This in turn heated on the sand bath will yield barium meta- 
phosphate. 



BaCOs + H3PO4 BaHP04 + H.O + CO 2 


(b) 2 BaHP 04 — BalWs + BaCOH)-, 

F. Warschauer, 'It. anorg. Chcni., 36, 137 (1903) 


BaCOa 


H,S 


1-2083 


When one part of barium carbonate in one hundred parts of water is 
treated with a stream of hydrogen sulfide, a conversion to the sulfide 
occui-s. The reaction is complete in 30 hours if enough water is used. 

15.3% is converted if the ratio of salt to water is 1 : 10 and 51.2% if the 

ratio of salt to water is 2: 100. 

BaCOs + H 2 S B^ + (H 2 O + CO 2 ) 

L. Naudin and F. de Montholon. 

Ref., A. Henninger, Bcr., 9, (2), 1131 (1876) 


2G 


BaCOa 

1-2084 

HaSeOa 

Barium carbonate dissolves in selenous acid. The solution, when 
evaporated at 00°, yields barium selenite selenium dioxide as small 

prisms. 

BaCOa -h 2 H 2 Se 03 BaSeOs-SeOs + (CO 2 + 2 H 2 O) 

L. F. Nilson, K. Sv. Vet. .\kad. ilandl. Ofvers., 31, No. 1, 38 (1874) 


\0 
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BaCOa 

KoCr 04 1-2086 

The equilibrium of the reaction given below is studied. 

BaC’Oa + KsCrOi ^ K2CO3 -f BaC'rO^ 

M. Scholtz and R. Abogg, Z. Elektrochem.. 12, 425 (1906) 86 


l^aCO., 

Mg + C 1-2086 

Barium carbonate is reduced by a mixture of magnesium and carbon, 
heated to a high temperature. 

BaCOj + 3Mg + C ^ BaC. + 3MgO 

L. MagiU'iinc, Ann. Chini. Phys., [6) 28 , 258 (1893) 22 


Ba(’( )., 

NH 3 1-2087 

J3arium carbonate heated to a dull red temperature reacts with am- 
monia. 

BaC'()3 + 2X11.3 ^ l^aC’No + 3H2(> 

(Ut. Pat. 130.45C (1901) 25 


BaC( ).3 

NH 4 CI 1-2088 

If powdered barium carbonate is added to an ammonium chloride solu- 
tion, and the solution is boiled for .some time, part of the barium car- 
bonate l)ecomes barium chloride and another part decompo.ses. 


(a) BaC’Oa + 2 NH 4 ('l BaCb + (NH.) 2 C ’()3 

(b) (NILbCOs — 2NH.3 + H.O + ('(). 

(’antoui and (Joguclin, Ann. Cliim. .\nal. 9 , 105 (1004) 76 


HaC’()3 

NH 4 CI 1-2089 

Barium carbonate is decomposed by boiling witli a solution of ammo- 
nium chloride. 


BaC’Oj + 2NILCI -> BaCb + lUj + CD,. + 2 XH 3 

C’antoni and Goguedia, Hull. Soc. Cliim. [3] 31, 2S2 
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BaCOa 


Na2S04 


1-2090 


Barium carbonate reacts with sodium sulfate in the presence of a trace 
of sulfuric acid to form barium sulfate and sodium carbonate. 

NaoSO., -1- BaCOa Ba^ + Na.COs 

J. Ehrlich, Ann. Chim. Anal. [21, 2. 214 (1920) 


7G 


1-2091 


BaCOs 

Pd(CN)2 
HCN 

Wien hydrogen cyanide is passed into a solution of palladous cyanide 
containing barium carbonate a double salt compound is formed. 

Pd(CN)2 + BaCOs + 2HCN + SIW 

lhi(CN)rlM(CN) 2 - 411.0 + CO. 

P. Weselsky, Ber. 2, 590 (1S69) 


BaCOs 

PtCb + HCN 1-2092 

When hydrogen cyanide is passetl into a solution of platinous chloritle 
containing barium carbonate in suspension, a double cyanide is tormed. 

PtCb + 2BaC03 + 4HCX Ba(CN)2 Pt(CN). 

-f- BaCl. “1“ 2C0. 4“ 21l2t) 


P. Weselsky, Ber., 2, oSS (1S69) 


11 


1-2093 


BaCOs 

RuoClc 

If a solution of ruthenium ses(|uicid()ri(le is sul)jccted to treatment by 
freshly prepared barium carbonate, ruthenium sesquioxide is precip- 
itated. 

SBaCOa 4- Ku-CU Bu^Os 4- (3BaC’b 4- 3CO,>) 

LeiOie and Quennosseii, .\nn. Chim. Anal. 8, 244 (1904) 


BaC’Oa 


SiO> 


1-2094 


A mixture of eciuivalent (luantitics of barium carbonate and silicon di- 
oxide is ca!cine<l at 1400-1.)0()® C. 

2BaC()3 4- J^iOj Ba-.SiOi 4- 2C'(.).. 

C. Deguidc, Fr. Pat. 4S3.014 (1917) 


:<) 
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BaCOa 

TiOz 1-2096 

Dibarium trititanate is formed when equal molecules of titanic anhy- 
dride and barium carbonate are fused for an hour at red heat and the 
product treated with dilute hydrochloric acid. 

2 BaC 03 + 3Ti02 (Ba0)2-3Ti02 + ( 2 CO 2 ) 

L. Bourgeois, Bull. Soc. Chim. 46, 262 

Ref., M. L., J. Am. Chem. Soc. 8, 178 (1886) / 


BaCOa 

ZnS04 1-2096 

HCN 

When hydrogen cyanide is passed into a solution of zinc sulfate con- 
taining barium carbonate, a double cyanide is foimed. 

ZnS04 + 2BaC03 + 4HCN + H.O Ba(CN)2-Zn(CN)2-2H20 

H" BaSO^ 4 " 2CO2 H“ Ho 

P. Weselsky, Ber., 2, 509 (1869) II 


BaCOa 

A 1-2097 

When barium carbonate is heated in a vacuum to 1250®, l)arium oxide 
is obtained. 

BaCOa -> BaO + COo 

J. B. Pierce, Jr.. U. S. Put. 1,305.618 35 



BaCOa 

Barium carbonate is heated in a stream of CO 2 to 811®. 

BaCOa BaO + C()2 


Bolke, Z. .\norg. Chem. 60 , 244 


1-2098 



Aconic acid 


BaCOa 


1-2099 


An aqueous solution of aconic acid is treated with an c.xcess of barium 
carbonate, digested, filtered and precipitated by adding the solution to 
alcohol. Barium aconate precipitates. 


2C5ILO4 + BaCOa Ba(C5rL04)2 + CO2 4 - H2O 

F. Meilly, Ann. HI, 161 (1874) 
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HaCOs 

Alpha-dibromopropionic acid 1-2100 

Alpha-dibroinopropionic acid is dissolved in fi\'e times its weight of 
absolute alcohol and warmed to 50°(\ Excess drv barium carbonate is 

V 

added and, after saturation, the solution is filtered and cooled. Crystals 
of the barium salt of alpha-dibromopropionic acid with OIEO separate. 

2CIiBroCH..COOH + BaC’O, BalC’.MaBr.COO).. + U.O + CO-. 

0. Philippi ami B. Tollens, Aim., 171, :12I (1S74) 


BaC(>3 

Alpha-meta-isocymolsulfonic acid 1-2101 

An aqueous solution of alpha-meta-isocymolsulfonic acid is neutralized 
with barium carbonate, the solution filtered, concentrated and cooled. 
Crystals of barium alpha-meta-isocymolsulfonate separate with one 
H 2 O. A similar reaction occurs when this reagent is treated with lead 
acetate, potassium carbonate or sodium carbonate. Ihe lead salt 
contains one H 2 O, the i>otassium three and the .sodium one IloO. 

2C6H3(CH3) (CaHy) SOall + BaCOa 

(Cai3-ClI.3t'3n:S()3)2Ba + lU) + CO. 

W. Kclhe, Ann.. 210. 31 (1S81) 


BaCOa 

S-Aminobenzoic acid 1-2102 

3-Aminobenzoic acid is <ii.ssolved in water, warming if necessary, and 
an excess of barium caiEonate addcfl. I he solution is lilteied and con- 
centrated. Crystals of barium-3-amino-henzoato with four II.O 

separate. 

2(’6H,XH2C’0()II -h HaCOn — * (CfilliXll2C<»0)2Ba -f lid) -f CO. 

H. lluhnor, Ann.. 222. IM (ISSn 


20 


Hili'ih 


3-Ainino-4-bromobenzenesulfonic acid 


1-2103 


Excess solid biiiiuin caibonate is added to tlie acid, tlie solution iiltcicd 
and concentrated. Crystals of barinm d-amino-l-broiuobenzcnesub 

fonate crystallize. 

2CeIIoXHrS()3 -h liaCt)., HaK’dbXHrSOab + Hd) ^ ( < ), 

C. Cioslicli, 180, 101 (ISUi) 


'II 
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BaC 03 

6-Amino-2-bromobenzenesulfonic acid 


1-2104 


An aqueous solution of 5-amino-2-bromobenzenesulfonic acid is neu- 
tralized with barium carbonate and filtered. The solution is concen- 
trated until crystals begin to form. Ciystals of barium 5-amino- 
2-bromobenzenesulfonate with two H 2 O separate. 

A similar reaction occurs when this reagent is treated with lead carbon- 
ate, or sih er carbonate. Both the lead and silver salts crystallize water- 
free. 

2 C 6 H 3 BrNH 2 S 03 H + BaCOj (C 6 H 3 BrNHoS 03 ) 2 Ba + H.O + CO 2 

A. Bahlrnann, Ann., 186, 319 (1877) 20 


BaCOa 


2-Amino-3,5-dibromobenzoic acid 


1-2106 


2-Amino-3 ,5-dil>roinobenzoic acid is dissolved in dilute hydrochloric 
acid and treated with an excess of barium carbonate. The solution is 
filtered and concentrated. Crystals of barium-2-amino-3 ,5-dil)romo- 
benzoate with four II 2 O separate. 

A similar reaction occurs when this reagent is treated with calcium car- 
bonate. The calcium salt has four H->(). 


2C6HoNHoBr2COOH -h BaC'Us 

^ (CeHiNILBi^COO^Ba + CO. + li.O 

11. Hubner, Ann., 222, 176 (1S&4) 20 


BaC()3 


2-Amino-3-nitrobenzoic acid 


1-2106 


An aciueous solution of 2-amuio-3-nitrobenzoic acid is treated with an 
excess barium carbonate, the solution filtered and concentrated. Ha- 
liuin 2-amino-3-nitrol)enzoate crystallizes with three ILO. 

A similar reaction occurs when this reagent is treated with calcium car- 
bonate or potassium carbonate. The calcium salt crystallizes with 
three ILO and the potassium salt with two H.O. 

2Cf,ir3NH2N02C00II + BaCOa (CeILN202C()())2Ba + ILO + CO. 

H. llubncr, Ann., 196, 22 (1879) 


20 
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BaCOa 

4-Amino-2-toluenesulfinic acid , 1-2107 

4-Amino-2-toluenesulfinic acid is <lissolved in water, wanning if neces- 
sary, and the solution saturated with barium carbonate. The solution 
is filtered and concentrated to syrupy consistency and alcohol added. 
Crystals of barium 4-amino-2-toluenosulHnatc witli two 114) separate. 

2C7H6(NIl2)SO,II + BaC’Oa -> (C'7ll6(NlB)S(),)dhi + II 4 ) + C’O, 

IT. Limpricht nncl A. Hefftor, Ann., 221, 34S {1S.S.D 


20 


BaC( >3 

Benzylselenous acid 1-2108 

A hot aqueous solution of l)en 2 ylselenous acid is treated with barium 
carbonate until the solution is neutral. Tlie .solution is filtered and 
concentrated. Crystals of barium l)enzylselenite precipitate. 

The same type of reaction occurs wlien benzylselenous acid is treated 

with sodium carbonate. 

2C7H7SeOOlI + BaCOj ((MbSet )0)oBa + II-.Q + CO.* 

C. Jackson, Ann,, 179, 14 (1S75) 


20 


BaCOi 

1-2109 

Betadichloroacrylic acid 

Betaclichloroaci-ylic acl.l is ru‘Utializt>,l u itli barium carbonato, tliosolu- 
tion filtered and concentrated. Barium betadicliloroacrylate witli 

five HsO crystallizes from the solution. 

A similar reaction occurs when betadichloroacrylic acid is treated wit i 
potassium carbonate or zinc cuihonate. 'I’he i)otassium salt contains 
no water of crystallization and the zinc .<alt has two 11,0. 

2CCb:ClICO()n -b BaC(>:, -> ((’.dK'bO-.)-*Ba -f- CO, -b 114) 

0. Wallacli, Ann., 193, 23 (ls7Si 


20 


Ba( ’( h 

. 1-2110 
3-Bromo-6-aininobenzoic acid 

.Vn a<iuoous .suspansimi ..1' iMuomo-.Vamiuob.Mizui,- arid is troaled w.tli 
barium carbonab. until saturata.l. Tho sulutiou h blteroa and 

trated. Crystals of hariimi-^-bromo-.Vammobenzoate with tom 11,0 

rSm roartmu urrurs ubnu ralriu.u rarbuuatc is trcata.l will, thn 
reaKcnt. TIk' calrium .-all lia- fiva and uim liall lld>. 

2 CJIdb.XHd'.U.l, t . rn. 

ll. llubimr. Ann 222. ITU 


'0 
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BaCOs 

3-Bromo-2-toluenesulfoiiic acid 1-2111 

An aciueous solution of 3-bromo-2-toIuenesulfonic acid is heated with 
an excess of barium carbonate for a long time, the solution filtered and 
concentrated. Crystals of barium-3-bromo-2-toluenesulfonate sepa- 
rate with one H 2 O. The same type of reaction occurs when lead car- 
bonate is treated with 3-bromo-2-toluenesulfonic acid. The lead salt 
crystallizes with three fLt-). 

2C7l[7BrS03 + BaCOs (C7H6BrS03)2Ba + LLO -f CTb 

)•;. (;irt(\ .Vnn.. 177, 232 (1875) 20 


BaCO 




Camphanic acid 


1-2112 


Camphanic acitl is saturated with barium carbonate and Hltered. Crys 
tals of l)arium camphanate with three and one half H 2 O separate. 

2C9lI,:,()2COOII -h BaCOs ^ (C.jH.sibCOOLBa + Cih + H.O 

U. Fittiff. -Vtiii.. 227, .5 (,1885i 




BaC( h 

l-Carboxy-4-benzenesulfonaniide 1-2113 

An acpieous solution of l-carboxy-4-i)enzenesulfonanikIe is heated with 
an excess of barium carbonate, filtered and concentrated. Barium 
4-benzenesulfonamide-l-carI)oxylate crystallizes with one H 2 O. 

A similar reaction occurs when l-carboxy-4-benzonesulfonamide is 
treated with XH 40 PI. 


2C7H7XSO4 + BaCOa 

I. Iteinson. Ami., 178, 302 (1875) 


(C7H6X804)2Ba -h FLO + COo 


20 


BaC(\ 

l-Carboxy-4-benzenesulfonic acid 1-2114 

An aciueous .M)lution of l-carboxy-4-benzenesulfonic acid is divided 
into two eciual i)arts. One part is neutralized with barium carbonate 
and filtered. Tlie other part of the original acid solution is now added 
and the resulting solution concentrated on tlie water bath until crystal- 
lization starts. ( ’rystals of barium- l-carl)oxy-4-benzonesulfonate 

s(‘parate \\ith thi(*(‘ IF.-tb 

2(C7lI,S(),) -h BaCO.-- (C7ll.-,S<).'.bBa -h U.O + CO-. 

1. Ucinscii. .\iiii.. 178, 2N5 il.s7.5' >o 


BARIUM 


.515 


2-Chlorobenzoic acid 


\h\CO, 


1-2116 


2-Q\lorol)onzoic acid is dissolved in hot water and an excess oi barium 
carbonate added. The solution is filtered and concentrated, (’rystals 
of barium-2-chlorobenzoate witli three Il><) separate. 

2C6lUClC()OH + BaCOa^ ((V,II,C’K.'()()),Ba + Vih + H,() 

H. Huhner. F. Wilkrns and (J. Pack. Aim.. 222. 192 (1SS4) 


20 


Bat’Oa 


3-ChlorO“6-nitrobenzoic acid 


1-2116 


3-C’hloro-5-nitrobenzoic acid is atlded to water and heated while i)ar- 
ium carbonate is added until an excc.'^s remains. 'I'he .'Solution is 
filtered and concentrated. Crystals ol l)arium-3-chloro-5-nitrobenzoate 
with four 1I,.0 separate. 'I’hesame type read ion takes ))lace when lead 
acetate is athled to the reajront and to its sorlium salt. 

2C6H;iNOjClC()()U -h BaC(b-> (( V.lhiXf U'K’OObBa + lid) + U<).. 

II. Huhner, Ann., 222, 89 (lHS4i 


.H) 


BaCO;: 


2-Chloro-p-toluenesulfonic acid 

2-Chloro-p-toluenesulfonie acid is neutralized with barium carbonate, 
tilteicd and concciitiatcd. C.yslaU of l,aiiuin-2-cliloi-o-p-toliuMirsul- 
fonate separate with no water of <-rystallization. 

2('7IUC’1S(),I1 + BaCOd - (C:lIA'iS().d->Ba + Ild) + (’<>-2 

H. LimprichL and W. Paysaii, .\nn,, 221. 212 {\SK\} 


1-2117 


20 


BaCtb 


3,5-Diaminobenzoic acid 


1-2118 


d.o-Diaminohonzoir acid .s satoralcd Nvilh l.anuni carl.o.aPc m an 
acnioous suspension, Hu- solution lillered and coin-ent rated. ( rystals ol 
bariuin-d,.')-diaininol)enzoate with one and one lialf I Id > separatis 


2('cII.i(NH’ld'<l<dl -t Ba('<)., ■ (('cIIdNIIdd Oeidfa • lljtt 


( I ), 


II. Huhtior. .Vnn., 222, (isM 


fii 
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BaCOs 

Dibromoacrylic acid 1-2119 

A warm solution of dibromoacrylic acid is neutralized with barium car- 
bonate, the solution filtered and concentrated. Upon cooling, crystals 
of barium dibromoacrylate precipitate with two and one half H 2 O. 

A similar reaction occurs when this reagent is treated with calcium car- 
bonate and the calcium salt.contains two and one half H 2 O. 

2C2HBr2COOH -|- BaCO^ ^ (C 2 HBr 2 COO) 2 Ba+ H.O -f CO 2 

Fittig and Petri, Ann., 196, 71 (1879) 20 


BaCOa 

3,6-Dibromo-alphafuroic acid 1-2120 

A boiling aqueous solution of 3,5-dibromo-alphafuroic acid is treated 
with barium carbonate, the solution filtered and cooled. Crystals of 
barium 3,5-dibromofuroate with four H 2 O separate. 

A similar reaction occurs when this reagent is treated with calcium car- 
bonate, silver nitrate, sodium carbonate or potassium carbonate. The 
calcium salt has three H 2 O and the sodium salt two H 2 O. 

2C4HBr20C00H + BaCOa -> (C^HBr.OCOO.Ba + H 2 O -h CO 2 

II. Hill and C. Sanger, Ann., 232, 74-7 (1886) 20 


BaCOs 

3,6-Dibromobenzenesulfonate 1-2121 

3 ,G"Dibromobenzenesulfonic acid is dissolved in water and neutralized 
with barium carbonate, filtered and allowed to crystallize. Barium 
3 ,G-dibromobenzenesulfonate .separates with one and one half H 2 O. 

2 C 6 H 3 Br 2 S 03 lI + BaCO^ -> (C 6 H 3 Br.>S 03 ) 2 Ba -h H 2 O -fi CO 2 

II. Lirnpriclit, Ann., 186, 139 (1877) 20 


BaCOa 

3,4-Dibromobenzoic acid 1-2122 

3.4-Dil)romobcnzoic acid is suspended in hot water and an excess of 
barium carbonate added, the solution filtered and concentrated. Cr>'s- 
tals of barium-3. 4-dibromobenzoate with four FLO separate. 

A similar reaction occurs when this reagent is treated with strontium 
carbonate or potassium carbonate. The strontium salt has four H 2 O, 
and the potassium salt is water-free. 

2C\n^Br2COOll + BaC03-> (C6H3Br2COO)2Ba + H 2 O -h CO. 

H. Hubner, Ann., 222, 185 (1884) 20 
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liaCOa 

2,4-Dichlorobenzoic acid 1-2123 

A hot aqueous solution of 2,4-diclilorol)enzoic acid is neutralized with 
barium carbonate, the residue filtered, washed and dried. It is barium 
2,4-dichlorobenzoate and has three and one half HoO. 

2 C 6 H 3 CI 2 COOH 4- BaCOs (C6M3ChCOO).Ba + 11,0 + (’O, 

E. hellmana and C. Klatz, Ann., 231, 316 (1SS5) 50 


BaC( >3 

2,6-Dichloroben2oic acid 1-2124 

An aqueous solution of 2,5-dichlorobenzoic acid is digested with l)ar- 
ium carbonate, the solution filtered and cooled, (’rystals of barium 
2,5-dichlorobcnzoate separate. 

2C6H3CI2COOII -t- BaC'Oa ^ (C'GllaC’bC’OOhBa -h H.O + CO* 

E. Lcllniann and C. Klatz, .\nn.. 231, 310 (ISS5) 50 


BaC’(b 

p-Diethylbenzolsulfonic acid 1-2126 

Pure free p-diethylbenzolsulfonic acid is heated with an excess of ])ar- 
ium carbonate, filtered and concentrated. Crystals of barium p- 
diethylbenzolsidfonatc with four IU<) .-separate. 

A similar reaction occurs when this reageitt is treated with lead car- 
bonate, silver oxide, strontium carbonate, calcium caibonate, mercuric 
oxide, nickel carbonate, or cobalt carbonate. 'I'he lead salt crystallizes 
with three IbO. the silver with none, the strontium with four, the cal- 
cium with five, the mercuric with none, the nickel with five and the co- 
balt with five U-jO. 

206113(02115)2^0311 -f- BaOOa 

— (0cn3f0db)->SO3)2Ba -f H 2 O + 00 , 

H. Aschenbnuidt, .\nn-, 216, 215 (188.1) 


20 


IhlOOa 

2,4-Dimethyl-6-bromobenzoic acid 

2,4-Dimethyl-5-brom()benzoic acid is digeste<l with an exce.'^s l)ariuin 
carbonate, filtered and cooled. Barium 2,4-dimetliyl-r)-l)romol)enzoate 
crystallizes out with four lid). 

A similar reaction occurs when this reagent is treated with calcium c:.i 

bonate. 

208H8BrOO(.)H -h BaC'Oj {(\IUBrO()()),.Ha 4- lid) -1 ( ’( ). 

H. Schnitz, Ann., 193, 173 


1-2126 


<!0 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 


BaCO. 

3,6-Dimethyl-4-bromobenzoicacid 1-2127 

3,5-Dimethyl-4-l.>roiuohenzoic acid is digested with an excess barium 
carbonate, filtered and cooled. Crystals of barium 3,5-dimethvl-4- 
l>romobenzoate separate out with no water of ciystallization. 

2C8H8BrC’OOH + BaCOa ^ (CsHsBrCOO).!^^ + H.O + CXh 

II. Sclinitz, Ann., 193, 17o (187S) 20 


BaC’O, 

l,3-Dimethyl-2-nitrobenzoic acid 1-2128 

1 ,3-l)imethyl-2-nitrobenzoic acid is digested with an excess barium 
carbonate, filtered and cooled, ('rvstals of barium 1 ,3-dimethvl-2- 
nitrol)cnzoate with four ILO separate from the solution. 

A similar reactif)n occurs when this reagent is treated with calcium 
carbonate. 


2CsH 8N()2CO()II -h BaCO, 

H. Schnitz, Ann., 193, IfiS {1.S7S) 


((MLNO>COf)Jdhi + HoO + C(b 


20 


Ba(T), 


2,4-Dimethyl-5-nitrobenzoic acid 


1-2129 


2,4-l)imethyl-5-nitrobenzoic acid is dig(>sted for a long time with an 
excess of barium carl)onate. 'I'lie .solution is filtered and cooled. Bar- 
ium 2,-I-dimetliyl-5-nitrol>euzoate crystallizes out with four II/). 

A similar reaction occurs wlien this reagent is treated with calcium 
carbonat(‘. 

2CbH8N()2CO()H + BaCOa^ (CdIsX<bC'(H)),Ba + ILO + C’O, 

H. Sclinitz, .Vnn., 193, 168-9 (187H; 


20 


BaCfb 

2,4-L>initrobenzoic acid 1-2130 

All atiueous suspension of 2.4-dinitrobcnzoic acid is treated with barium 

carlionatc until saturated. The solution is filtered, concentrated and 

allowed to crystallize. Baiium-2.4'dinitrobenzoate crystallizes with 

% % 

three HjO. A similar reaction occurs when this reagent is treated with 
calcium carbonate or magnesium carlionate. The calcium salt has two 
and one half ILO and the magnesium .<alt nine. 

2C’6H3(NO,),OOOI1 -h BaC03-> (OBll3(NOoU'0(»,Ba + Hot) + VO, 

II. Hubner, Ann., 222, 80-1 (1884) 20 
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liaCOs 

Diphenyleneacetic acid 

A very dilute, hot aqueous solution of diphenyleneacetic acid is neu- 
tralized with l)ariu!u carbonate, filtered and allowed to cool. C'rystals 
of barium diplienyleneacetate with three II 2 O separate. 

A similar reaction occurs when this rea^:ent is treated with calcium car- 
bonate. The calcium salt crystallizes with two and one half HoO. 

2(C’db)-CU CO()II + Ha(’(b-^ + H/) + CO 2 

H. Fittig nml II. Fit'pmanii. 200, 14-5 (ISHO) 


1-2131 


■JO 


Ethylmalonicacid 


IhiC’Os 


1-2132 


An acpieous solution of ethyhnalonic acid is 
liarium carbonate, filtered and ectneent rated, 
malonato precipitate. 


treated with excess dry 
Crystals of barium ethyl 


C-dUClKCtH)!!).. -t- Hat'Oa — ('dl;.ClUCO())d4a + COj + H-.() 
A. TupuU'tY. -Viui., 171, 24(i (1S74) 


JO 


HaCO:, 


p-Hydroxybenzylsulfonic acid 


1-2133 


A hot atiueous solution of p-hydroxyl)enzylsullbnic acid is neutralized 
with l)arium carbonate, filtered and concentrated. Alcohol is added 
to the concentrated solution and crystals of barium-p-hydroxybenzyl- 
sulfonate with seven and one halt ICO separate. 

2C7ll6<)HS().dI + BaCOy— {C;Il60llS()d-*Ba + lid) + COj 
C;. Mohr, Ann.. 221. 221 llSS;i) 


JO 


BaCOa 

4-Hydroxyuvitic acid 

4-lIyaioxyuvili<’ ii. ia is ticatoil witli an excc.ss of baiimu oaibonate, tlic 
solution liuciu.l ami concent ratc.l to a small volume. Crystals ol bar- 
iuin 4-hydro\yuvitate separate. 

Cell'ClIatOlM iCnOll Ij -T J4a( '( ):j — ('vHd )( ('< H > )-.Ba f lljO t t < 

O. Jacobson, Ann.. 196, 2'''' ' 


1-2134 


'if 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 

I 

BaCOs 

Isobutylphenoxypivalinic acid 1-2136 

A hot aqueous solution of isobutylphenoxypivalinic acid is diluted \vith 
water and neutralized with barium carbonate, filtered and concen- 
trated. Crystals of barium isobutylphenoxypivalinate with two H 2 O 
separate. 

2 Ci 4 Hi 90 oC’OOH + HaCU ^ (CuHi 902 C 00 ) 2 Ba + H 2 O + CO 2 
R. Fittig. Ann., 227, 64 (1SS5) 20 


BaCOs 

Lead p-di-n-propylbenzolsulfonate 1-2136 

Lead p-di-n-propylbenzolsulfonate is dissolved in water and heated dur- 
ing the addition of barium carbonate. The solution is filtered and 
concentrated. Ciystals of barium p-di-n-propylbenzolsulfonate with 
one half H 2 O separate. A similar reaction occurs when this reagent is 
treated with calcium carbonate. The calcium salt has nine H 2 O. 

(a) Pb(C6H3(C3H7)2ftO.,)2 + BaCO, — PbCO., 

+ (C6H3(C3H7)2S03)2Ba 

(b) Pb(C’cH 3 (C’. 3 lT 7 ) 2 S 03)2 + CaC’Oa PbCOa 

+ (C6H3(C3H7)2S03)2 Cu 

II. Kornor, .Vnn., 216, 225 (188^^) 20 


BaCCs 

Lutidine dicarboxylic acid 1-2137 

hot saturated aqueous solution of lutidine dicarboxylic acid is neu- 
tralized with barium carbonate, the solution filtered and concentrated. 
C’rystals of barium lutidine dicarboxylate with two II 2 O separate. 

(’TlENfCOOIDo + BaCOa CTlLNfCOO.Ba + H 2 O + CO. 

I', l^ngclm.ann. .Viiii., 231, 53 (1885) 20 


BaC.’Oa 

Methyluvinic acid 1-2138 

A warm aqueous solution of methyluvinic acid is digested with an excess 
of barium carbonate, filtered and cooled, (’rystals of barium methyl- 
uvinate separate with four ILO. 

.V similar reaction occurs when this reagent is treated with calcium car- 
l:)onate. The calcium salt .separates with four ILO. 

2 C 7 ILOCOOH + BaCO;, -> Ba(C 7 H 90 COO )2 + II.O + CO. 

\{ Fittig, Atiru, 260, 206 (1885)) 20 
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BaCOa 

3-Nitro-6-aminobenzoic acid 1-2139 

3-Nitro-5-aminobenzoic acid is saturated with barium carbonate, the 
solution filtered and concentrated. Upon cooling, crystals of barium- 
3-nitro-5-aminobenzoate with four lUO separate. A similar reaction 
occurs when this reagent is treated with calcium carbonate or lead car- 
bonate. The calcium salt has five and one half H 2 O, and the lead salt 
three and one half. 

2 C 6 H 3 NO 2 NH 2 COOH + BaCOa 

^ (C6H3N02NH2C00)2Ba + H 2 O + CO 2 


H. Hubner, 222 , 83 (1884) 



BaC(^3 


3-Nitro-4-chlorobenzoic acid 


1-2140 


3-Nitro-4-chlorobonzoic acid is suspended in water and warmed. Bar- 
ium carbonate is added \mtil an excess remains, the solution filtered 
and concentrated. Upon cooling, crystals of bari\un-3-nitro-i-cliloro- 
benzoate with four ll^O separate. 

.V similar reaction occurs when this reagent is treated with calcium 
carbonate. 'Pho calcium salt has five and one half IIjO. 

2C6lUN(\C’l(’()()II + BaC'O:, (('oIIaXfU’K’OO).,!^! + lUO + C'O:. 

11. Hubner, Ann., 222, 1S2 (18S4) 


20 


Ba ( '( ), 


2-Nitro-3,4-dibromobenzoic acid 


1-2141 


2-Nitro-3,4-dibromobenzoic acid is added to hot water and an excess 
of l)anum carbonate added, the solution lilt(M-ed and concentrated. 
C’ry.stals of barium-2-nitro-3.4,-dibromol)enzoate with one 1 14) separatt'. 
A similar reaction occurs when this reagtait is treated with calcium car- 
bonate. The calcium salt has three and one half H4). 

2CfiH2X()2Br,('0()H + (ColI-jXO^BrA'OOldhi + 11,4) 4 - < 

II. IIul)ner ainl K. Sinitli. Ann., 222. ISS (iss-n 


.'0 
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I3a('( >3 

2-Nitro-3,5-dibromobenzoic acid 


1-2142 


2-Xitro-3,5-dil)rom()-l)cnzoic acid is dissolved in hot water and treated 


with barium carbonate. The solution is filtered and concentrated. 

Crystals of l)anuin-2-nitro-3,5-dibromo-benzoate with four HoO sepa- 

% 


rate. 

A similar reaction occurs when this reagent is treated with calcium 
carbonate. The calcium salt is water free. 


2C6H,XOdh A'OOH 4- BaCOa^ (C6TEX()2BrA'00)2Ha + HoO + CO 2 

H. Hubncr, Ann., 222, 174 (1884) 20 


BaC’Oa 

2-Nitro-4-ethyl benzoic acid 1-2143 

2-Xitro-4-ethyl benzoic acid is heated and treated with an excess of bar- 
ium carbonate for several houi-s, filtered and cooled. Crystals of 
l)arium orthonit robenzoate witli four lEO separate. A similar reaction 
occurs when this reagent is treated with calcium carbonate, strontium 
carbonate or potassium carbonate. The calcium salt has two H..O, tlu* 
strontium four and the potassium is water-free. 


2CfilI,dC’.>lU) (XOAC’OOH 4 BaC().3 


H. .^sclienbrandt, .\nn., 216, 221-2 (I.SS3) 


n-.<) -t- c(b 

4 fC6Tl3(C2H5)X()2C’00)2Ba 


20 


Baf’O,! 

2-Nitro-5-n-propylbenzoic acid 1-2144 

2-Xitro-5-n'propylbenzoic acid is digested hot with an excess of barium 
carbonate until no more carbon dioxyle is evolved, filtered, concen- 
trated and cooled, ('rystals of ])arium'2-nitro-5-n-propylbenzoate 
with four 11-4 > separate. 

A similar reaction occurs when tliis reagent is treated with strontium 
carl)onate. 'I'lie strontium salt has five HT). 

2CfiH.3X()>C3H7C(H>n 4 HaCtla 

^ ((V.TbX().>C3H7('0())oBa -f HA) CO. 


II. KorjR’i*. 216, 231 


20 
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BaCOa 

Orthophenylbenzoic acid 1-2146 

An aqueous solution of ortliophenylbenzoic acid is neutralized with 
barium carbonate and filtered. The filtrate is concentrated until 
crystals begin to form. Barium orthophenylbenzoate crystallizes 
with one H 2 O. 

2Ci2ll9CO()ii + BaCOa-^ (Cr*HoCOO)2Ba + II.O + CO 2 

A. Schmitz, Ann., 193, 121 (1S7S) 20 


BaCOa 

Oxytetrolic acid 1-2146 

A hot aqueous solution of o.xytetrolic acid is digested with excess 
barium carbonate, the solution filtered and cooled. Ciystals of barium 
oxytetrolate with five ir»0 separate. 

2 (' 3 H 30 (' 00 n -h BaCOa (CallaOCOO.Ba + II 2 O + CO. 

C. Duisbc'i-^r, Ann., 213, 101 (1SS2) ^0 


BaC:Oa 

Parvolin dicarboxylic acid 1-2147 

A hot aqueous solution of parvolin dicaiBo.xylic acid is saturated with 
barium carbonate, the solution filtered and concentrated. Barium par- 
volin (licarboxylate with three IIjO i)recipitates. 

C',IIiiX(CO()n)2 + BaC()3-> CuIlnX(0<><>>dhi + II.O + CO.. 

F. I^nj^flnuinn , Ann.. 231, -13 (lS8o^ ^0 


IhiCO., 


p-n-Propylbenzoic acid 


1-2148 


Para-n-propyllK'iizoic acid is neutralized witli an exce.ss (if barium 
carbonate, filtered, coiua'iitrati'd and cooled. Crystals of barium ])- 
n-propylbenzoat (‘ with two Il.t) s(‘j>arate. 

A similar r(*action occurs when this reagent is treated with calcium 
carbonate, >trontium carbonat(‘ or lead carbonate. 'I'he calcium salt 
has thre(‘ ll.t), llie .''Ifoutium two and oiu* half and the i(‘ad two H.O. 

2('6n4(C;iH7)C‘ h )i 1 1 liaCOj (C,dii(C;in 7 tC()())..ihi -j- Ifi.O-f C(b 

II. Kona'r, Ann., 216, 22ii 


’ll 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 


BaCOa 

Pulvinic acid 1-2149 

A hot aqueous solution of pulvinic acid is treated with excess barium 
carbonate, filtered and the residue dried. Barium pulvinate results. 

CuHioOCCOOH). + BaCOa^ C^6HioO(COO)2Ba + H 2 O + CO 2 
A. Spiegel, Ann., 219, 9 (1883) 20 


BaCOa 

Thioglycollic acid 1-2160 

An aqueous solution of thioglycollic acid is heated with an excess of 
barium carbonate, filtered and alcohol added to the filtrate until a 
persistent turbidity results. Crystals of barium thioglycollate sepai'ate. 

2CH2SHCOOH + BaCOa (CH 2 SHCOO) 2 Ba + H 2 O + CO 2 

C. Licbormann, Ann., 207, 124 (1881) 20 


BaCOa 

* 

p-Toluidine-2-sulfinic acid 1-2161 

p-Toluidine-2-sulfinic acid is saturated with barium carbonate, filtered 
and concentrated to a syrupy consistency. Upon cooling crystals of 
])arium-p-toluidine-sulfinate with two H 2 O separate. 


2C'7H6(NH2)S02H -f BaCOa (C7H6(NH2)S02)2Ba + H 2 O + CO; 


H. Limpriclit and A. Heffter, Ann., 221, 348 (1883) 



BaCOa 

Uvinic acid 1-2162 

A hot aqueous solution of uvinic acid is neutralized with barium car- 
l^onatc, filtered and cooled. C’rystals of barium uvinate separate with 
four ILO. 

A similar reaction occur.s when this reagent is treated with calcium 
carbonate. The calcium salt separates with two H 2 O. 

2C6H7OCOOH + BaCOa -> (C6H70COO)2Ba + II.O + CO2 

R. Fittig, Ann,, 260, 102-3 (1889) 20 
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BaC04 

H 2 O I_2163 

Barium percarbonate reacts with water to form hydrogen peroxide. 

BaCOi + H2O ^ BaCOa + H2O2 

Merck, Gcr. Pat. 179826 (1905) 35 


BaC04 


H 2 SO 4 


• 1-2164 


Barium percarbonate reacts with cold dilute sulfuric acid, forming 
hydrogen peroxide. 

BaC 04 + H2SO4 BaS 04 + H2O2 + CO2 

Merck, Ger. Pat. 179826 (1905) 


25 


1-2166 


BaC. 

BaCOs 

The reaction of barium carbonate and barium carbide when mixed and 
heated is ; 

SBaCOa + BaC'2 ^ 4 BaO + SCO 

T. H. Norton, J. Ind. Eng. Chem., 6, 703 (1913) 22 


BaC 


H.O 


1-2166 


Barium carbide when treated with water at room temperature forms 
acetylene and hydrogen. The hydrogen is probably formetl from 
barium hydride. 

(a) BaC. + 2H2O ('2II2 + Ba(()H)2 

(b) BaH.. + 2H2O ^ 2II2 + Ba(()II)2 

Franz Fischer, Hrcniistoff-Chcni., 9, .333 (1928) // 


N 


13aC’> 


1-2167 


Barium cyanide results when l)arium caiBidc reacts with nitrogen at 
a high temperature. 

BaC’. + N-) > Ba(( N). 

H. G. Sodcrbauni, Sv. Kcin. Tidskr., 16, 124 (1903) 

Ref., KrUvciii, l-dectroclicm. , 9. St2 (1903) 

Ref., Frank, .1. Am. ('litMn. S<h-.. 28. I2.")0 (1900) 


10 

I 
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Ba.C2 


1-2168 


Barium carbide absorbs nitrogen with avidity at a temperature between 
700 and 800°C', forming barium cyanide and barium cj^anamide in a pro- 
portion of about two to three. The fusion mixture is readily trans- 
formed to .soluble cyanide with a potash or soda flux. 

(a) BaC. + X.>^ Ba(CXL 

0)) • BaC\. + Xo ^ BaC'X. + C 

fc) Ba(CX )2 + ICCOs ^ 2KC’X + BaCO^ 

(d) BaCX., + C + TCC’Os ^ BaC’Ch + 2KCX 

A. 11. Frank, Trans. Far. Soc., 4, 103 (190S) 85 

Rof., E. H. Pranke, J. Inti. Eng. Chcin., 6, 159 (1913J 22 

Ref., Frantz Fischer, BronnstofF-Chem., 9, 331 (1928) it 



BaC 


1-2169 


Barium carbide is heated to a bright red temperature in a stream of 
nitrogen. 

BaC'. + X, -> BaCX. + C‘ 


Frank anti Caro, 


Gcr. Pat. 108071 (1808; 



Ba (CXS), 


CH.BrCOOH 


1-2160 


The reaction l>etween barium thiocyanate and bromoacetic acid is of 
tli(‘ second order in acetone solution. 

2Cir,HrCOOH H- Ba(CXS), ^ 2CIL('XS(’()()H + BaBr, 

II. Dcrnicrrt* and M. Duboux. J. (’him. pliys., 6, 340, (1907) 


59 


La I CXS), 

Fe.(S 04 ). 1-2161 

Ciystals of feiric thiocyanate are fornuMl when equivalent (juantities of 
solutions of barium thiocyanati* and ferric sulfate are mixed, the 
preci])itate filtered and the solutit)n allowed tt) crystallize iti a l)rown 
desiccator. 

.dl^atCNS), I- Fe,(S().,h — 2Fe(CXSb -t dBaSt.)^ 

Sclilf.singff and \'an N’alkfnbiu'gli, .1. -Vin. (.'hi*m. 8tic., 63, 1215 (1931; I 
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Ba(rO)o 

A / 1-2162 

Barium carlionyl is ignited strongly in air, yielding the products shown 
below. 

2 Ba(CH))o ^ HaC'Oa + BaO -|- 3(’ 

Oimtz ami Mentrel, Bull. Soc. Cluin. [31 29, 586 (1903) 


Ba((%Ha()n). 

NiCNOdi-KNO, 1-2163 

When solutions of barium acetate and nickel i)otassium nitrite are 
mixed the triple nitrite of nickel, barium and potassium separates. 

BafC.HaCb). + 2(Ni(NOo)o-KX().>) 

^ Ni(C 2 H 302)2 + (Ni(X0-.)2-Ba(X02)2-KN02] + (KXOo) 


J. baiiK. K. Sv. Vet. Akad. Ilandl., 3. 22 (1860) 


10 


Dipotassium-p-azobenzyldisulfonate 

An aqueous solution of dipotassium-p-azobenzyldisullonate is treated 
with an aqueous solution of barium acetate, and the solution concen- 
trated. Crystals of barium-p-azobenzyl disulfonate with one and one 
* half II>0 seiiarate. 

‘ ('HlIr’X2(S()J':)u + Ba(C2lI;,()2)2 — BaCMH,2X2(S()3)o -h 2KC2H3().. 

(;. Mohr, Ann.. 221, 224 (l.SS3i 


1-2164 


20 


BafC’^HaO,.)- 

Dipotassium-3-3-dibromo 2-2-dimethyl-4-4-azo-benzoldisulfonate 1-2165 

A hot aqueous solution ol dijjotassium 3-3-tiibiomo-2-2-diniethyl- 
4-4-azobenzokiisulfonatp is treated with an atiueous solution of barium 
acetate. 'I'lie solution is filtered and cooled, ('rystals of banum-3-3- 

dibromo-2-2-dimethyl-4-l-azobenzoldisulfonate with five water sepa- 
rate. 

CiiHi(ilb'->X->fS()3K)-.' + Ba(C jlbC:;)'-' 

-> (C7lI.5BrXS()3)-2Ha -f- 2K( ’d 1:,( ), 


0. Kornalzki, Ann., 221, ls6 (ISS-ti 


.'(J 
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Ba(C2H6- 804)2 


H.O 


1-2166 


Evaporation of a solution of barium ethyl sulfate yields large, well- 
formed, stable, transparent rhombic tablets of di-hydrated barium 
ethyl sulfate. 

BaCCWs- 804)2 + 2H2O ^ BaCCsHg- 804)2 •2(H20) 

J. E. A16n, K. Sv. Vet. Akad. Handl. Ofvers., 37, No. 8, 30 (1880) 


10 


Ba(C2H5S04)2 

Gd2(S04)3 1-2167 

Gadolinium ethyl sulfate is produced by double decomposition be- 
tween barium ethyl sulfate and gadolinium sulfate. 

Gd2(S04)3 + 3Ba(C2H5S04)2 + 18ILO 

^ 2Gd(C2H5S04)3-9H20 + 3BaS04 

Spedding and Nutting, J. Am. Chem. Soc., 66, 499 (1933) I 


1-2168 


Ba(C’08)4Ni-4H20 

(NH4)2S0., 

.Vmmoilium nickeloditliio-oxalate is prepared l)y mixing hot concen- 
trated .solutions of l)arium riiekelodithio-oxalate and ammonium 
sulfate. 

Ba(C’()S),Xi-4lU) + (XHOsSO,-^ (XH4),>(C0S)4Xi -4ir 2 0 + (Ba SQ.,) 

C. 8. Robinson nnd H. (). .rohc.s. J. Clicm. Soc., (London). 101, 66 (1912) 57 ^ 


BaC.’l-. 

Ba.C02fCN)i. 1-2169 

Wlu'ti .‘solutions of barium (4doride and barium cobaltirvaiiide are 
mixed, a double salt is formed. 

na,Cih(Cy)v 2 + BaC'b + HilU) Ba.-,Co 2 (CX)io-Ba('l..- HULO 


P. Wesclsky, I3cr. 2, .596 (1669) 


11 


BaCb 


AgMnO 


1-2170 


A solution of barium chloride reacts with silver permanganate 

Bad, + 2AgMn()4 ^ Ba(Mn()4)2 + 2AgCl 

(’rospi anil .Moles, Analos Soc. Espaii lis riiiiin, 20, 602 (1922) 


25 
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BaCU 

AgNOa 1-2171 

Barium nitrate and silver chloride are formed by the double decom- 
position of silver nitrate and barium chloride. 

2 AgN 03 + BaCU ^ Ba(N 03)2 + 2AgCl 

P. C. R&y, J. Chem. Soc. (London), 87, 177 (1905) lOB 


BaCh 

CisHaiCOOK 1-2172 

An aqueous solution of potassium-diheptylacetate is treated with an 
aqueous solution of barium chloride as long as a precipitate forms. 

This precipitate, whicli is barium diheptylacetate, is filtered off, 
washed with water and warm alcohol and then dried. 

A similar reaction occui'S when this reagent is treated with magnesium 

chloride or copper sulfate. 

2 C„H 3 iCOOK + BaC'l. ^ (C, 5 H 3 iCO())..Ba -b 2KC1 


F. Jourdan, Ann., 200, 118-0 (1880) 


20 


Ihd'l-, 

CioH,(COONa), 

An aqueous solution of sodium nai)htiialene 1 ,4,5,8-tetracarboxylate is 
treated with an a(iueous solution of barium chloride as long as a pre- 
cipitate forms. Filter off, wash with water and dry. The precipitate 
is barium naphthalene, 1 .-1.5,8-tctracaiboxylate. 

A similar reaction occurs wlien this reagent is treated with silver nitrate. 
('inlI.,(U()()\a)., + 2Ba('l:; -> (’n.lri«-'00)diao + 4Na(;i 


(). li:inil)org(‘r and A. IMiilip, Ann.. 240, 181 (ISSo 


20 


Had-. 

T 9174. 

C,oH6(COONa)2 

\n solutioi. <.l' socliiin. imphtlialono 1 ,8-dicarboxylate is 

treated witli a.. a<|ueons s.,Uiti.,n of barium eldoride as long as a precip- 
itate forms. Filter, wash and dry. The precipitate is barium napli- 

thalene 1 ,8-dicarl)oxylate. 

CioHfiCCOOXab + BaCb ^ (',„HofC'(JO) 2 Ba + 2Xa( 1 

E. Bfiinhcrjior an<l M. riiilip. Ann., 240, 181 (188* ) 


20 
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BaCM 


CsHsNoSa K 


1-2176 


Barium chloride will i-eact with the potassium salt of phenyl clithio- 
diazolon sulfhydrate yielding a white precipitate. 

BaCt. + 2C.,H.,XoS.-,K + OH.O + 2K('l 

J. V. Dul)sky and .1. Trtilck, Z. niial. Clicm., 96, 414 (1934; 


Bad-. 


Ci4Hi,N2(SO,K),. 


1-2176 


A hot a(iueous solution of dipota.ssium 2.2-dimethyl-4.4-azol)enzol“ 
sulfonate is treated with an acpieous solution of barium chloride as 
long as a |)rocipitate forms. The precipitate is filtered off ancl dried. 
It is l)arium 2.2-dimethyl-4.4-azol)enzolsulfonate and has no water 
of crystallization. A similar i-eaction occurs wlien this reagent is 
treated witli calcium chloride or lead acetate. The calcium salt has 
three IIA) and the lead salt one Hd). 

CiiFI ijX\*(S<),-jK)o + BaC'I:; ('i.iIIi2X'2{S()3)oBa + 2i\(’l 
(). Koniatzki, 221, 1S4 (18-S3) 


Bad. 


COo H" 0> 

« * m 


1-2177 


Barium chloride is fused in the pi'esence of carbon dioxide and oxvgen 

2BaCb + 2(’(), + ()., -> 2Ba(’<b + 2Cb 

J labor, Z. anoi'K. Clioni.. 41, 407 (11H)4i 


Bad 


Cd ( SCH.COONa ), 3NaC! CHD 


1-2178 


ihiriimi cadmium thioglycolate is formed when cadmium thioglvcolic 
>o(lium chloride reacts with barium chloridt'. 

(’d(S('If,r(K)\a),.-3\ad-(iH,() + Bad, + 1211, (» 

^ CdlSClU'OOi.Ba- 1811,0 + .'A'aCI 


Ki>.'<(‘nli(‘iiii an<l I. Daviilsolm. Z. anorg. (’lunn,, 41, 231 (1904) 


’8 
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CoCSCHsCOONa). 

A brown colored precipitate of barium cobaltous thioglycolate is ob- 
tained when a solution of sodium cobaltothioglycolate reacts with 

barium chloride. 

Co(SCH'>COONa)2 + BaC'b + 12II2O 

Co(^<-’Il2C’()())2Ba-12Il>() + 2NaCl 
A. Rosenlieiiu aiul I. Dnvidsohii, Z. anorg. Clicni., 41, 231 (1904) 


1-2179 


^8 


BaCb 


1-2180 


CuSiFe 

\ solution of cupper Huosilicate gives a clear and sharp titration (by 
conductivity) of barium in solutions containing one volume of alcohol. 
The presence of otlier .^alts interferes with the end-point. 

(BaCb + C’uSiFe — ♦ BaSiFe + CuC'lj) 

P. Dutoit and P. Mojoiu, J. CUiiu. phys., 8, 27 (1910) 


BaC'b 


HCIO4 


1-2181 


Barium perchlorate is formed wlien barium chloride is evaporated with 
perchloric acid. 

BaC’lj + 2IK‘1()4 — - BalC’lOi)- + 2IK’l 

11. H. Willard and C. V. Smith, J. .\m. Chem. Soc., 46, 287 (1923) ^ 


HaC’i, 


H2O Nas-IOc-lMoO;,) 


1-2182 


fl 


Whon nuKleratoly .•.mc.cntna.cl solutu.n. ol l.anu.n ' 

sodiun. hoxa-uolvl.do..un> periodafe are nuxod there P-' I “ 

mediately small thin pris.ns of a eon.pheated l.arimu sod mm hexa- 
molybdelmm periodate eontaininsr twenty eifjht moleenles ol water ol 

hydration. 

yBaC'h + 4Na5-10,. (.Motht« + 28114) 

f Ba..,|l()f,■(Mo():d«);•(Ha=^a•l<)c;(^lo(h)6l■r(H4));, 

C. W. Hle.asoan,!, K. Sv . Vel. Akad. Ilan.ll. Hileo,!:., 17, HI, No. 7, 47 UstC'i 


lu 
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BaCL 


H2SO4 


1-2183 


Barium chloride reacts with sulfuric acid to form a white precipitate 
which is insoluble in hydrochloric acid. 

BaCb + H2S04 BaS04 + 2 HC 1 

McBride and Weaver, J. Ind. Eng. Chem., 6, 470 (1913) 


2$ 


KBrO 


BaCI 


A solution of barium chloride is treated with potassium bromate 

BaCL + 2KBr03 ^ Ba(BrO.,)2 -h 2 KCI 

C. Sowig, Pharm. Mag., 33, 6 (1831) 


1-2184 


25 


KCNS 


BaCl 


1-2186 

A concentrated aqueous solution of barium chloride is added to a 
concentrated aqueous solution of potassium thiocyanate. The solution 
is concentrated in vacuo over sulfuric acid. Crystals of barium thio- 
cyanate with one H2O separate. 

2 KCNS + BaCL ^ Ba(C’XS)2 + 2 KC 1 

A. Fleischer, Ann., 179, 215 (1875) . on 


K.CtO, 


BaCb 


1-2186 


In an acid solution barium chloride reacts with potassium dichromate 
producing a yellow precipitate. 


BaCb + K.CrO, ^ BaC^-04 + 2 KC 1 

McBride and Weaver, J. Ind. Eng. Chem., 6, 470 (1913) 



BaCb 

KHSO 3 1-2187 

Barium .sulfite and sulfurous acid arc formed when a solution of potas- 
.sium acid sulfite is treated with barium chloride. 

BaCb + 2KHSO3 BaSO., + ILSO3 + 2 KC 1 

A. Villicrs, Bull. Soc. Chim., 47, 545 (1887) 

Ref.: M. L., J. Am. Chem. Soc., 9, 118 (1887) i 
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BaCk 

KIO 3 1-2188 

A precipitate of barium iodate is formed when a hydrochloric acid 
solution of barium chloride is treated with a saturated solution of 
potassium iodate. 

BaCb + 2 KIO 3 Ba(I 03)2 + (2KC1) 

S. R. Benedict, J. Am. Chem. Soc., 28, 1597 (1906) i 


BaCU 

K 2 SO 3 1-2189 

Barium sulfite is precipitated when a neutral solution of potassium 
sulfite is treated with barium chloride. 

K 2 SO 3 + BaCb ^ BaSQa + 2KCI 

A. Villiers, Bull. Soc. Chim., 47 . 545 (1887) 

Ref., M. L., J. Am. Chem. Soc., 9, 118 (1887) 7 


BaCb 

K2Se03 

When solutions of barium chloride and of potassium selenite are mixed, 
mono-hydrated barium selenite precipitates as white, microscopic, silky- 
lustered, truncated prisms, often in star-like clusters. 

RaCl-i + K2Se03 + H.O ^ BaSe03 ll20 + (2KC1) 

L. F. Nilson, K. Sv. Vet. Akad. Ilandl. Ofvers., 31, No. 1, 38 (1874) 


1-2190 


10 


BaCb 


1-2191 


Li 2 Cr 04 

The electrometric titration of barium by lithium chromate gives ex- 
cellent results in presence of a little alcohol. 

(BaCl-> + Bb Cr 04 — > BaCrU.i + 2LiCl) 

P. Dutoit and P. Moiohi. J. Chim. phys., 8, 27 (1910) 

BaClj 

Li 2 S 04 l-21d2 

The small solubility of barium sulfate iii water makes possible the 
accurate titration by the conductivity method of solutions at least 

O. OIA. For more dilute solutions add a little alcohol to decrease the 

solubility of the ijrecipitate. 

(BaC't. + bbSOi — > BaSOj + 2biCl) 

P. Dutoit and P. Moioiu, J. Chim. phys., 8, 27 (1910) 
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MgC03 


BaCL 


1-2193 


If a solution of barium chloride is stiiTed in a closed vessel with magne- 
sium carbonate, simultaneously adding carbonic acid, barium car- 
bonate is precipitated while the magnesium chloride remains in solu- 
tion. 

MgC'Oa -H BaCL BaCOa + MgCb 

K, T. Huglies, Brit. Pat. No. 038 Bcr.. 8, (1), 169 (187o) 




BaCL 

(NH.j).3C4H7{COOj3 1-2194 

Ammonium butenyltricarboxylate is dissolved in water and treated 

with an atpieous solution of barium chloride. Barium butenvltri- 
carboxylate is precipitated. 

A similar reaction occurs when this reagent is treated with silver 
nitrate, 'bhe silver salt has one ami one half H.O. 


2tNH4)3C’iHT(CO(»:, + SHixVU 

(1. l\)!k<), 242, 117 US,s7> 


((’.JlrfCOOjabBa., -f- GNHA’l 


20 


BaCi 


NH.Cl 

NaiRO: 


1-2196 


'When a \ery dilute barium chloride solution mi.\e<l with ammonium 
ehloi'ide solution is added to a normal sodium pyropliosphato solution 

barium hydrogen pyr()j)lins[)hate precipitates. 

^XiulLO; + 5BaCb + 2XILC1 + 511,0 

— Ba5lL(lM)7b olI,() -h (12Xa('I -f 2XH3) 

.\. J’alil. .Vik. Kojii.. .Min.. Cpol.. 2, I’art 0. 3 (1005> 


10 


BaCb 


NH.OH 

Na,P,0: 


1-2196 


WJh'u a solution of normal sodium pyroph(Jsphat(“ is added to a solu- 
tion of barium cldoride rendered alkaline with ammonium hydimide an 
aTnorj)hou> precipitati* of di hydrated noi-inal barium pyrophosphate 
l(M'ms iiimiediatel V. 

Xa,iV>; + 2BaCb + 211,0-- lia,!’,!); 2[1,() -(- t lXaCl) 

I’.tiil. .Vrk. Keiii.. .Miii.. ( icol , 2, Part 6, 1 UWo' 


JO 
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HaCl. 

(NH4)3(SCN). 1-2197 

When barium chloride is added to ammonium trithiocyanate and the 
solution allowed to crystallize, small transparent or larger yellow 
crystals of barium hytlrogen trithio(‘yanate are obtained. 

BaCb + (NH 4 ) 3 (SCN) 3 -* BaH(SCX )3 + ( 2 NH 4 CI -f NH 3 ) 

P. Clacsson, K. Sv. Vot. Akatl. Haiuil. Hihang., 9, No. 17, 9 (1884) lO 

BaCl, 

NaC.sHisOT 1-2198 

When solutions of barium chloride and sodium usnate are mixed barium 
usnate precipitates, (’hlorides of calcium, silver, copper and lead give 
similar precipitates. 

BaCb + 2 NaCb«Hi 507 (CisHi 307 ) 2 Ba + 2XaC’l 

O. Widman, K. Sv. Vet. .\kad. Hand). Rihang.. 26, II, No. G. IS (1900) W 


BaCMo 


1-2199 


Na-jCOa 

In using barium chloride to form non-foaming soap in toluene water 
determination test on soaps, care must be taken to have enough baimim 
chloride present to react with any sodium carbonate filler. 

Xa-.C ’03 + BaC’b-^ 2XaC'l + BaC '()3 
Half B. Trusler, Oil and Soap, 16, 12, 239 (1939) 


BaC’b 

Na 2 C 03 

Barium carbonate is precipitated faster than calcium or strontium car- 
bonates. However this reaction is less accurate than the chromate 
or the sulfate for titration by the conductivity method. 

(BaCb + Xa ..(’03 ^ BaCO., + 2Xa(’l) 

P. Dutoit and P. Mujoiu, .1- Chim. phys., 8, 27 (1910) 


1-2200 


00 


BaC'b 

NfloCeOg 

Barium chloride reacts with sodium rhodizoiuitc, yielding a charac- 

teristic red i)recipitate. 

BaC'l. + Xaj('«t>c-^ BaC'cHr. + 2Xa(’! 

F. Fcigl and H. Ordtdt. Mikiocheni., 2, 187 (1924) 


1-2201 
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BaCI 


1-2202 

In using barium chloride to form non-foaming soap in toluene water 

determination test on soap, care must be taken in case there is any 

bicarbonate present as filler for decomposition of the bicarbonate may 
occur as shown. 

(a) 2NaHC03 + BaCb = 2 NaCl + Ba(HC03)2 

(b) Ba(HC03)2 BaCOa + CO2 + H2O 

Ralf B. Trusler, Oil and Soap, 16, 12, 239 (1939) 2II 


Na2H2p207 


BaCI 


1-2203 


When barium chloride solution is added to disodium-dihydrogen- 
pyrophosphate solution there appears after some hours wart-like 
clusters of small crystals of dodeca-hydrated 14 : 8; 9 barium-hydro- 
gen-pyrophosphate. 

UBaCb + ONa.H.P.O; -f 12PI2O 

BaUl8(P207)9 12(1-120) + (ISNaCI lOHCI) 

C. N. Pahl, Arkiv. Kemi., Minerul., Geologi., 2, Part 6, 3 (1905) 


N a2H2P20 7 


IkiCI. 


1-2204 

The addition of a disodium-dihydrogen-pyrophospliate solution to a 

barium chloride solution precipitates immediately granular crystalline 
5 : 2 : 3: 5 hydrated barium hydrogen pyrophosphate. 

3Na2H2P207 + oBaCb + SH.O 

^ Ba5H2(P20 7)3-5(Il20) -h (GXaCl -f- 4 HC 1 ) 

C. N. Pahl, Arkiv. Kemi., Mineral., Geologi., 2, Part 0, .3 (1905) /O 


Na2H2P207 

NH4OH 


HaCb 


1-2206 


Solutions of disodium-dihydrogcn-pyrophosphatc. barium chloride 
and ammonium hydroxide, when mixed, precipitate immediately amor- 
phous dihydrated normal barium pyrophosphate. 

2BaCl2 + Xa2ll2P207 + 2XII4OH 

Ba2P20r 2(H2(-)) -I- (2XaCl + 2XIT,CI) 

C. N. Pahl, Arkiv. Kemi., Mineral., Geologi., 2, Part 6, 1 (1905) 


10 
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BaCla 

NaNOs 1-2206 

A concentrated solution of barium chloride reacts near 100° with 
sodium nitrite. 

BaCb + 2NaN02-» Ba(NC ).,)2 + 2NaCl 

J. Matuschck, Bcr., 40, 990 (1907) ^5 


(Na20)2-6Mo03 


BaClo 


1-2207 



A saturated solution of barium chloride will react with a solution of 
sodium paramolybdate which has prexiously been saturated with 
sulfur dioxide, yicldinp; prismatic t'rystals. 


2HaCb + (XaoOyioMoOa + 2S()2 + lOlU) 

(lhi()^SO.^ (i\Io(X3V10Ii2O + 4NaCl 

A. Uosenliciin, Z. anorg. Chcin., 16, ISO (1897) 


BaC’b 


Na3(P03)3 

Solutions of barium chloride and sodium trimetaphosphatc aie mixed 
and evaporated. Small, obliciue prisms of tetrahydrated barium 
sodium trimetaphosphatc form. Similar method gives these double 
salts, usually crystalline and hydrated, BaXHi, BaK, SrNa, Calsa, 
AlgXa, NiXa, and C'oXa. 

BaC’b + Xa.-,(IM) 3 ).H + 4 II 2 O — BaXa(P()3)3-4M2() + 2XaCl 

C. G. laiuibom. Acta Univ. IauhL, 10, Part 2, N'o. 7, 21-27 (1873) 


1-2208 


10 


BaCb 

Tvr r. 1-2209 

Na4P207 

When barium chloride and normal sodium i)yrophosphatc solutions 
are mixed witlt either reagent in excess the y:2:5:9 hydrated barium 
hydrogen pyroiihosphate precipitates as an amorphous powder. 

DBaC'b -i- 5Xa,lM>7 + I 11I4> 

- Badl:;(P4b)5*V)Il20 4- (18XaC'l 2Na()II) 

C. N. Palil, Ark., Keiu., Min., Geol., 2, Part 0, 2 (190o) 


W 



538 


KXCVC’LorEDlA OF C’llEMK’AL KEACTIOXS 


J^aCl2 

Na 4 P 207 1-2210 

NH4C1 

When ammonium chloride solution is added to normal sodium pyro- 
phosphate solution and then barium chloride soluticn is added, the 

% barium hydrogen pyrophosphate precipitates. 

7BaC’I. -h 4Xa4lV)7 + 2XH4C'I + 5IU) 

^ Ba 7 H 2 (P 2 07 ) 4 -oH>(> + (lOXaC'l + 2XH.d 

(’. X. Pnlil, Ark., Koni., Min., Geol., 2, Part 6, 2 (1905) w 


' I^aCb 

NafiPfiOn 1-2211 

• 

A diluted solution of barium chloride will react with a diluted solution 
of sodium iie\ametai)hosphate yielding a precipitate of white color. 

-iBaC b -j~ XaiiBB()i^ * Ba^Bct^is ~\~ tlXaC'l 


U. Liidcrt, Z. aiiorg. Clioin,, 6, 15 (IS94) 




BaCb 

NariPOj HoO 1-2212 

In using barium chloride to form non-foaming soap in toluene water 
determination test on soaps, care must be taken to have enough l)arium 
chloride present to take care of any phosphate filler present. 

(Xa3B()4)2-l2H2<) + 3BaC’l,. ^ (iXat'I -h Ba,(I>().,)-. + 1211, .() 


Half H. 'J'ruslcr. Oil and Soap, 16, 12. 2il9, OJKi'.) 


Ill 


BaC’b 

Na,SO,i 1-2213 

A solution of barium chloride adde<l to a solution of sodium suilite pre- 
cipitates barium sulfite. 

lia('l, + XaoSO, ^ I5aSO, -1- 2XaC’l 


K. Scubcrt and M. 7,. an«)r>i. C’licni., 4, 44 
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BaCl 


NacSO 


1-2214 


In testing for a change of weiglit during chemical reactions, separate 
solutions in a sealed tube wore mixed. These were aqueous solutions 
of barium chloride and sodium svdfate; they formed liarium sulfate and 
sodium chloride. 

BaCl, + Na 2 S 04 ^ BaS 04 + 2XaC'l 

J. J. Manley, Trans. Koy. Soc. (Loiulon) 212A, 258 (HU3) 


105 


Ba('b 

Na.TeO, 

Barium tellurite containing some l)arimu chloride precipitates when a 
solution of barium chloride reacts with sodium tellurite. 


1-2216 


SNaoTeO, + KBhiC’lj + HI^O (HaTe()3)sfBa(’l..)5;4li20 


-h (lONaCM) 


V. Lcnher and K. Wolosensky, J. Ain. C'liein. Soc., 36, 725 (1918) 


1 


BaUb 


Na.Zn^CCHiS 000)3 

By adding barium chloride to a solution of sodium zinc-thioglycolate a 
cn'stalline precipitate, tlm barium salt of the complex zinc-thioglycolic 

acid is obtained. 

Xa.Zn..((TBS('()())3 + HaC’l, + 31120 

■ ' ■ -- BaZn2(C’H2SaK>)£*3H2() + 

A. Uuscnheim and I. Davidsohn, Z. anurn- t'liein., 41, 281 (1904) 


1-2216 


>8 


BaCl. 


•Amino 


1-2217 


All luiuoous solution of Imnuin chloride is added to 2-amiiio-3,4,5- 
tiiliiomol.enzenesulfonie acid as Ions as a ineeipitate loims. 'I'lie pre- 
cipitated salt is reerystallized I'roin water and liarinm-2-ainino-3.-l,a- 
trihroinohenzenesnll'onate with one and one hall IhjO separates. 

2(’r,llXll-.Hr:,S( ).,ll -f HaCI;-^ (CsIlXlldir.iSO.itjBa -f 211( 1 
W. Lcnz, Ann.. 181, H (O^TO) 
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HIM 


BaCL 

onium 3 , 4rdibronio-alpha-f uroate 


1-2218 


A dilute aqueous solution of ammonium 3 , 4 -dibromo-alpha-furoate is 
treated with barium chloride, the residue filtered, washed and dried. 
It may be recrystallized from hot water and crystals of barium 3,4- 
dibromo-alpha-furoate with three HgO are obtained. 


2C4HBr20C00NH4 + BaCb -> (C4HBr20C00)2Ba + 2NH4CI 

H. Hill and C. Sanger, Ann., 232, 83 (1886) 



BaCl 


Ammonium 3 , 6 -dinitro- 4 -aminophenylpropionate 1-2219 

An aqueous solution of ammonium 3 , 5 -dinitro- 4 -amino-phenylpropio- 
nate is treated with a solution of barium chloride. Barium 3 , 5 -dinitro- 
4 -aminophenylpropionate with one and one half ILO precipitates. 

2C8H8N3O4COONH4 + BaClo - 


(C8H8N304C00)2Ba -f 2NH4CI 


C. Stohr, Ann., 226, 88 (1884) 


20 


HaC']^ 


lllll 


onium isopropenyl benzoate 1-2220 

An aqueous solution of ammonium isopropenylbenzoate is treated with 
an aqueous solution of barium chloi-ide, filtered anti the resitiue dried. 
Barium isopropenylbenzoate with one IlsO is formed. A similar reac- 
tion occurs when this reagent is treated with calcium chloride, cupric sul- 
fate or silver nitrate. The calcium salt has one and one-half II.O and 
the others are water-free. 


2C9H<,C00XII, 4- BaC’].. 

R. Meyer, Ann.. 219, 283-4 (1883) 


(CoHoCOOhha -b 2XILC1 


20 



Mill 


onium propenyl benzoate 


BaC’l 


1-2221 


An aqueous solution of ammonium propenyl benzoate is warmed and 
treated with an aqueous solution of barium chloritle. The precipitate 
is barium propenyl benzoate and has one ILO. A similar reaction 
occurs when this reagent is treated with cupric sulfate or silver nitrate. 


2C9H9COOXH4 -h BaCL— > (C’9H9('O0)..Ha + 2XH4C1 

R. Meyer, Ann., 219, 281 (1883) 


20 
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BaCl. 

Ammonium 3,4,6-tribromo-alpha-furoate 1-2222 

A dilute aqueous solution of ammonium 3,4,5-tnbromo-alpha-furoate is 
treated with an acpieous solution of barium chloride, the precipitate fil- 
tered off and washed. The barium 3,4, 5-tribromo-alpha-furoate may 
be recrystallized from hot water and contains three HoO. 

A similar reaction occurs when this reagent is treated with calcium 
chloride. Tlie calcium salt has four lUO. 

2C4Br30C0()\IIt + BaCb 2NH4CI 

H. Hill ami C. Sanger. Ann.. 232, 92 (1S8C) 


20 


Hat'l, 

Benzyl tartronic acid 

An aqueous solution of benzyl tartronic acid is treated with an aqueous 
solution of barium chloride and the precipitate dried. Barium benzyl 
tartronate is formed. 

A similar reaction occurs wiien this reagent is treated with calcium 
chloride, copper sulfate, zinc acetate, silver nitrate or lead acetate. 

t' 8 H 7 (OH)((’()OII), + BaC’l, 

M. Conrad, Ann.. 209, 24G (ISSl) 


1-2223 


20 


BaC’l, 


1-2224 


Coumarilic acid 

An aciucovis solution ot coumarilic acid is neutralized with ammonium 
hydroxide and then treated w ith an acpieous solution ot l)aiium chloiitle. 
The precipitate is filtered otf and dried. Ihirium coumarilate with three 

IloO separates. 

2C\IB0C'()()II + BaC'l, (C'>,H60C'()()),Ba + 2ll('l 

11. Fittig and G. Kbcrt, Ann., 216, IGl (1S83) 


BaC'l, 


2 , 4 , 6 , 2 , 4 , 6-Hexabromo-azobenzol-3 , 3-disulfonate 


1-2226 


2.4.fi.2,4,()-Ilexabromo-azoltenzol-3.3-disulionic acid is dissolved in 

hot ’water and a hot aipieous .-solution of harium chloride added, tlic 
solution filtenal while hot and allowed to cool, lhiiium-2.4 .r).2.4 .fi- 

hexabromo-azobenzol-3.3-diMdlonate with two 11,0 .separate. 

C’i,H>X,Brfi(S(bH>.- T Ba('!,-> ^i-^A’dh-efSO^bBu + 2l[('l 

P. Uodatz, Ann.. 216, 220 (1SS2J 


20 
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Potassium Oleate 


BaCI 


1-2226 


In a method for determining amount of water in soaps, the use of 

barium chloride is advocated, as the foaming tendency is eliminated. 

The treatment with barium chloride is made in the toluene distillation 
for water. 

ater not shown, as only its presence is needed to cause reaction to 

take place: anhydrous soaps may need a trace of water to facilitate 
reaction. 

2K()()C-Ci7lL3 + JhiCI,-> f()OCCi:H33)2Ba -f 2KC'l 

Half li. Tnislcr, Oil and Soap, 16, 12, 230 (1030J 


JhiCl, 

Potassium 2,2,4, 4-tetrabromo-azobenzol-5 , 5-disulfonate 1-2227 

Potassium-2.2,4,4-tetrabromo-azobonzoI-o.o-<lisulfonate in acpieous 

solution is troafetl with an a(iUeous .solution of barium chloride and the 
re.sidue washed witli water. Barium 2.2.4.4-tetrabromo-azobenzol- 
5,5-disulionatc \vith one Ho() is loi'inod. .V similar reaction occui's 
when this reagent is treated with calcium <4iloride. The calcium salt 
contains four IT-O. 

(a) ( i 2 MiX.jBr,(*'^lblv)> + HaCl- — ^ C i-.>HiX:.BrtfS()3)^l3a + 2KC1 

(b) CidI,X...HrdS()3Kl-. + CaCl-j— ( ’|■.dI,X■..Br,fS^) 3 )A’a + 2K('l 

b. Hodatz, Ann.. 216, 210 (1SS2» 20 


Had.. 


Pryidine tetracarboxylic acid 

An aqueous solution of pyridine tetracaiLoxylic acid is treated 
aqueous solution of barium chloride, the .solution filtered 
residue dried. It is barium pyridine tetracarboxylate and 
and one half ILO. 


1-2228 

with an 
and the 
has two 


(’oXlKCOOHj. 4- 2BaCl, 

U. Michael, .Vnn.. 226, 145 (18S4) 


> ( 6XH(C’()()),Ba., 4- IIICI 



Sodium nonylenate 


BaCb 


1-2229 


Sodium nonylenate is di.ssolvcd in water and an afiueous solution 
of barium chloride added. The residue is filtered off and dried. It 
is barium nonylenate and has no water of crystallization. 

2C«H,5COOXa + BaCb ((’sIb 5 COO),Ba + 2XaCI 

It. Fittig and Sehneegans, .-\nn.. 227, 82 (1885) 


20 
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BaCls 

Sodium-pentabromobenzenesulfonate 1-2230 

A hot aqueous solution of sodium pentabromobenzenesulfonate is 
treated with au aqueous solution of silver nitrate as long as a pre- 
cipitate forms, the solution Hltered and cooled. Crystals of barium 
pentabromobenzenesulfonate witli one 11.0 separate. 

2('6Hr5S()3Xa + BaC'l, ^ (C6l5rf.S03)-,Ba + 2XaCl 

licinzolnuuui and Spiej^elbern, .\nn.. 197, 310 (1.S70) 


HaCb 

Teraconic acid 1-223}. 

A dilute atiueous solution of teraconic acid is neutralized witli am- 
monium hydrt)\itle and an acpieous solution ot barium chloiide added. 

The .solution is warmed and crystals of l)arium teraconate separate. 

A similar r<*action occurs when tins n^agent is treated with calcium 

chloride. 

(a) CallsiCOCllb -b 2X114011 CslUtCOOXIlOj + 2II>() 

(b) C.sII,s(C'OOXII,b -b HaC’l, -> CdU(CO()),Ha + 2XH4CI 
R. l-'ittig and C. (Wm.sUt, .Vun.. 208, 51 (IbWSl) 


’0 


HaC'b 


3,4,6-Tribromo benzenesulfonic acid 


1-2232 


A cold, dilute acivieous solution of 3,4,5-tribromobenzenesuifoiuc 
acid is treated with an a(ineous solution ot i^arium chloride as long as 

a precipitate forms. 

2C'Bll2Br.,S():,H + Had, + 311,0 — + 211('l 

W. Lcnz, -Vun.. 181, 30 (1870) 


'0 


BaCl-: 


1-2233 


A solution of bariuiu chlo.i.lc is elccfolyzd at 100^ using morcuiy as 
the cathode. 

BaC'b — ba' ^ + 2('r- — ba -b Cl-j 
llunscMi, I’ogM:- .tun.. 91. *>10 

Hof.. Mattliiesscn. .1. Prakt. Cliini., 67, VM 


! I 
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Ba(C 103)2 


H,SO 


D2234 


A solution of chloric acid is prepared by addition of sulfuric acid to 
barium chlorate, the barium sulfate being removed by filtration. 

Ba(a03)2 + H2SO4 -> 2HCIO3 + BaSOi 

K. R. Enfield: J. Chem. Soc., (London), 97, 2446 (1910) 


51 


Ba (0103)2 

I2 + HoSOj j -_2236 

Iodic acid is formed when equivalent amounts of barium chlorate and 
iodine react and the product is treated with sulfuric acid. 

(a) I2 + Ba(C 103 )o ^ BaCIOj)^ + Cl, 

(b) BaCIOj), + H,S04 ^ BaSO, + 2HIO3 


Lamb, Bray and Geldard, J. Am. Chem. Soc., 42, 1636 (1920) 


N2H4H2SO 


Ha(C 103)2 

1-2236 

Hydrazine chlorate i.s formed when hydrazine sulfate reacts with the 
theoretical amount of barium chlorate in solution. 

N2H4-H2S04 + Ba(C103)2-> X2lIr2HC103 + HaSO, 

J. W. Turrentine, J. .\.m. Chem. Soc., 37, 112.3 (191.5) / 


Ha(Cl 03)2 

N2H4 H 2 S 04 ' -f Ba(OH)3 1-2237 

Hydrazine monochlorate is produced wiien barium chlorate and hydrox- 
ide are added to h3'drazine sulfate.' 

Ba(0H)2 + Ba(('l()3)2 + 2X2HrHoS<), 

-> 2X211, HCIO;, + 2 Ihi^()^ 4- 2H2O 

J. W. Turrentine, J. Am. Chem. Soc., 37, 1107 (1915) / 


Ba(C 103)2 

Zr(S 04)2 

Zirconium chlorate is formed when zirconium sulfate reacts 
barium clilorate. 

Zr(S(.)4)2 + 2 Ba(C 103)2 ^ 2BaS(), + ZrCClO^}, 
Weibull, Act. L'niv. Lund., 63, 11, 18 (1881) 

Ref., Venable and Smithoy, J. Am. Chem. Soc., 41, 1725 ( 1919 ) 


1-2238 


with 
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Ba(C103)2 

Barium chlorate is heated to 310®. 

2Ba(C103)2 ^ Ba(C104), + Bad. + 20. 

Potilitziu, Ber., 3, 769 (1870) 


1-2239 



Ba(C'104)2 

BeSOi + HoO 1-2240 

Solutions of beryllium sulfate and barium jjerchlorate arc added to- 
gether and the filtrate evaporated. 

Ba(C104)2 + BeS04 -h 4Il2() ^ Be(d04)2-4H2() + BaSO, 


Marignac, Ann. Chim. (4), 30, 45 (1873) 


25 


1-2241 


Ba(d04)2 

HoSO, 

Perchloric acid is formed when sulfuric acid reacts with l)arium per- 
chlorate. 

Ba(d()4)2 + IBS()4 ^ 21-10104 + BaS 04 

V. C. Mathers, J. Am. Cheni. Soc., 32, 67 (1910) 1 


Ha3C’02(C’X)i2 

K6Co2(CN),2 1-2242 

When solutions of barium cobalticyanide and potassium cobalticyanido 
are mixed, a double salt is formed. 

Ba3Co2(OX)i2 + K6 (’o>(CX)i2 + 22 II 2 O 

— > ]3a2Kj('o2(('X) 12 * 221 lj( ) + (BaKtC’02(C'N)i2) 

V. Weselsky, licr.. 2 , 595 (lS{i9) 


Ha3('o.(OX)i2 

L4Co2(CN)„ 1-2243 

When solutions of barium col)alticyanide and lithium cobalticyanide 
are mixed, a dovible salt is formed. 

Ba3Coo((’X),.> + l.i,Oo2((’X)i2 + ^OlI-^O 

-> Ba2bb('o,(CX),2-3()lU) + (Babii(’o,(('X),,i 


P. Wesolsky, Her., 2. 595 (lS09t 


II 
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Ba3Co2(CN)i2 

(NH4)6C02(CN)i2 1-2244 

AVhen solutions of barium cobalticyanide and ammonium cobalti- 
cyanide are mixed, a double salt is foi-mcd. 

Ba3Co2(CN)io + (XH4)6C02 (CN)i2 + 2 H 2 O 

Ba2(NH4)2-Co2(CN)i2*2H20 + (Ba(NH4)4Co2(CN)i2) 

P. Weselsky, Ber. 2, 595 (1869) n 


BaCr04 

CrOj 1-2246 

Freshly precipitated barium chromate and chromic anhydride are 
ground together. 

BaCr 04 + CrOg BaCi^O? (brown needle crystals) 

Autcnricth, Ber., 36, 2057 (1902) 2S 


BaCrOi 

KI 4- HCl I_2246 

A solution of barium chromate is treated with hydrochloric acid and 
potassium iodide. 

2BaCr04 + OKI + KiHCl ^ 2BaCl2 + 2CrCb + OKCl + dh + 8H2O 
R. E. Bradley, Chcm. Engr., 13, 26 26 


BaCrO, 


NaoFeOj 


1-2247 


Barium ferrate is formed when sodium ferrate is digested with l)arium 
chromate. 

liaCrO, + XaoFcOt— BaFe ()4 + Xa^C'i-O, 

C. A. O. Roscll, J. Am. Chein. f!?oc., 17, 766 (1895) 


SO 




BaF. 


Perfectly dry barium fluoride reacts with .sulfur trioxido. 

BaFs + 2 SO 3 ^ Ba(FS 03)2 

\V, Traubc. .1. Hocrenz and P. Wunderlick, Ber.. 52, 1272 (1!)I9; 


1-2248 


25 
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Ba(Fo(CN)5NO) -311.0 

H 2 SO 4 1-2249 

Free nitro-prussic acid may be obtained by mixing equivalent amounts 
of barium nitropnisside and sulfuric acid. 

Ba(Fe(CN)6N0)-3H.>0 + 11.804 

^ U.(Fe(CN)5N0) + BaS 04 + 3 H 2 O 

George J. Burrows and Kustace IC. Turner, J. Chcm. Soc., 116, 1434 (1919) 


Ba(Fe(CN) 5 NO)- 3 H.O 

K2SO4 

If barium nitro-prusside is treated with potassium sulfate, and the 
resulting barium sulfate is removed by filtration, and if the filtrate 
is evaporated at low temperature under tliminished pressure, a residue 
of potassium nitro-prusside is obtained which, upon crystallization 
in 95% alcohol, gives pink ciystals. 

Ba(Fe(CN)6NO)-3H.O + K.SO 4 

K2(Fe{CX)5XO) + Ba804 + 3H.O 

George J. Burrows and Eustace E. Turner, J. Chem. Soc., 116, 1432 (1919) 


1-2260 


i8 


Ba(Fe(('X)5XO)-3H.O 


(NH4)2S04 


1-2261 


Ammonium nitro-prusside cun be obtained by decomposing the barium 
salt with an equivalent weight of ammonium sulfate, filtering, 
ev^aporating under diminished pressure anti ciystallizing from aqueous 
alcohol. Reddish plates, readily sohible in water, are obtained. 

Ba(Fe(C’X) 5 X()) -31120 + (XIl 4 ) 2 S 04 

] 3 aS 04 + (Xll4)>(Fe{C'X)5X()) + 311.0 

George J. Burrows and Eustace E. Turner, J. Cliem. Soc., 116, 1433 (1919) 


48 


BaFcO, 


C0> 


1-2252 


Barium fci'rate which has not been allowed to dry, suspended iii 
water through which carbon dioxide is pas.se(l. is completely decom- 
posed with the formation of barium carbonate and ferric hydroxide. 

2 BaFe 04 + 2C'02 + 3H()1I — > 2Ba('0.i + 2Fe(01I).i + 30 

C. A. O. Rosell, J. Am. Chem. Soc., 17, 765 (1895) 


I 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 


BaFe 04 

FeCl3 1-2263 

Ferric hydroxide is precipitated when solutions of ferric chloride and 
barium ferrate are mixed. 

2BaFe04 + GFeC’b + IGH2O 2BaClo + 8Fe(OH)3 + 3Clo + (8HC1) 

C. A. O. Rosoll, J. .\ni. Chem. Soc., 17, 7C5 (1805) / 


BaFe 04 

HCl 1-2264 

Barium ferrate whicli has been completely dried in a desiccator is easily 
and completely decomposed In' hydrochloric acid, chlorine being set 
free. 

2BaFe04 + lOlK'l ^ 3CI-. + (2BaC’l, + 2Fc(()H)3 + 2H2() 

C’. A. (). Rosell, J. .\m. Chcin. Soc., 17, 766 (1895) 


BaFeO 


I 


HCl 


1-2266 


^’ely dilute hydrochloric acid acts on barium ferrate to give barium 
chloride, ferric chloride, water and chlorine. 

2HaFeO., + IGIK’l 2BaC’b + 2FeCl3 + SH.O + 301. 

K. I^asoincri, Gazz. Cliiin. Ital. 36*, 2S{ (l!)00) 




BaFeO. 

HNO 3 1-2266 

Barium ferrate is decomposed by nitric acid to oxygen, barium oxide 
(nitrate)? and ferric oxide (nitrate)?. 

(a) 2BaFe(.)4 — > 2BaO + Fe-Oa -|- O3 

(b) 2BaFe04 + IOHNO3 2Ba(X()3)2 + 2 Fe(N()3)3 + oILO + 3/2 0 . 

J. de Mollins, 

Ref.; O. Meistcr, Bor., 4, 627 (1871) // 


H.O 


BaFeO 


t 


Barium ferrate liberates oxygen when subjected to .steam. 

21LiFe04 + 2HOH ^ (30 + Fc/h + 2Ba(OH)2) 

Maroclial and Tossic du Motay, Brit. Pat. No. 85 Jan. 10, 1886 
Ref., J. Am. Chom. 80c., 17, 767 (1895) 


1-2267 


I 
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BaFe04 

KI,Ha 1-2268 

Barium ferrate reacts with potassium iodide in the presence of hydro- 
chloric acid quantitatively to liberate free iodine. 

BaFe04 + 4KI + 8HC1 ^ BaCb + 4KC1 + Fed. + 411,0 + 21, 

J. de Mollins, 

Ref.: 0. Meistcr, Bcr., 4, 626 (1871) 11 


BaFe 04 

K,S04 1-2269 

An alkaline sulfate decomposes barium ferrate which has not been 
dried, forminp; barium sulfate, ferric hydroxide and oxygen. 

2BaFe04 + 2K,S()4 + 311,0 2Fe(()II)3 + 2BaS04 + 30 + (2K2O) 


C. A. O. Rosell, J. Am. Clicm. Soc., 17, 766 (1895) 


1 


BaOeFr, 


A 

Barium lluogermanate is heated ((» 700^. 

BaCleFc + A — ► BaF, + CleFi 

L. M. Dennis, Z. AnorR. Clicin.. 174, 144 (1928) 


1-2260 



Barium hydride is decomposed l)y water. 

Hall, + 211,0 Ba{OlI), + 211, 

(lunz, Compt. rend., 132, 963 (1901) 

Ref., Ciuntz, .\nn. eliim. pliys., l\ IIIl, 4, 20 (1905) 


1-2261 


25 

100 


Ball, 


N, 


1-2262 


Barium hydride is iieate<l 1<» rediie.-s in an atmo.spherc of nitrogen 

^Ball, + X, — > Ba.iX, + 311, 

(lunz, Compt. reiul., 132, 963 (1901 1 

Ref., fluntz, Ann. ehim. pliys., IVIIII, 4, 20 (1905) 


25 

100 
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Ba(H2PO.,)2 

CUSO 4 1-2263 

C’lipric hydride was obtained by precipitating a solution of copper 
sulfate with barium hypophosphite. 

CUSO4 + Ba(H2P(L)-> + 2H2O (CuH. + BaSO , + 2H3PO3) 

Wurtz, Compt. reiuL, 18, 702 (1884) 

Hof., Ann. chim. phys., (3), 11, 250 

Hef., Bartlett and Uice, Am. Chem. J., 19, 50 (1897) / 

# - - - 


Ba(H 2 p 02)2 

H 2 SO 4 1-2264 

Barium hypophosphite in solution reacts with sulfuric acid. 

Ba(H2P02)2 -f H2SO4 BaS 04 + 2H3PO2 

H. Rose, Pogg. Ann., 9, 370 (1827) 25 


BaCH.POo)^ 


H.SO 


1-2266 


Crystalline hypophosphorous acid is formed wlien equivalent (piantities 
of barium hypophosphite and sulfuric acid are mixed and the liquid 
decanted from the barium sulfate and concentrated by heating until the 
temperature of the liquid reaches ISO'^C'. The liquid is filtered into a 
glass stoppered bottle and cooled to O^C. M. P. 17 . 4 °C. 

Ba(H2P02)2 + 2H3PO2 + BaSO. 

Julius Thomson, Ber., 7, 094 (1874) 


II 


Ba{H 2 PO >)2 

A 1-2266 

Barium hypophosphite is heated to redness. 

(a) 2 Ba(HoP(),), Ba2P>07 + H.O + 2PH3 

(b) 13Ba(H2P02)2 ^ 6Ba2P207 + Ba(P03)2 + 4 H 2 O + 12 PH 3 + IIL 
Itiinimelsberg. Ber. Wien. Akad., (2), 69, (1873) 

Hef.. J. C'liem. Soc. (Bondon), 26. 1 (IS73) 25 
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BaH2P206 

K 2 SO 4 1-2267 

Ten part^^ of barium dihydrogen hypophosphate is ground fine and 
mixed witli 5.22 parts of potassium sulfate dissolved in 50 to 60 parts 
of water. This mixture is shaken freciuently until the liquid gives 
no test for sulfates. The solution is tlien filtered and the filtrate con- 
centrated until crystals begin to form. These are dipotassium dihy- 
drogen hypophosijhate and contain three IIoC). 

Bair,.P>C)6 + -> K 2 H 2 P 2 O 6 + 13aSQ4 

T. Salzer, Ann., 211, 17 (1882) SO 


BaH.P.Oe 


KoSO 


1-2268 


Monobarium liypophosphate in powder form will react with a solution 
of potassium sulfate yielding a .solution of dipotassium hypophos- 
phate. By evaporating this .solution crystals are obtained. 


(a) 

(!>) 


BalBP.Oe + K2SO., -> KoHjPoOe + BaSO^ 
KilBP-iOfi + 'MW K.H.PoOfi-SHjO 


C. lluusa, Z. anorg. Chcni., 6, 128 (1804) 


28 


BafllSU,),. 

HoSOt 1-2269 

Pentathionic acid i.s formed by decomposing barium hj'^posulfite with 
dilute sulfuric acid. 


5 Ba(HS (),02 + oiBSO, 2 II 2 S,()b + ( 5 BaS() 4 ) + ( 8 II 2 O) 
( 1 . Cliancoi aiul Iv Diacon, Coinpt. Ucinl., 66, 710 (18G3) 


29 


BaU 


BaOj 


Barium iodide is oxidized by heating with barivim peroxide 

Bul 2 + SBaO.. -> Bas(l()6h + -iBaO 
C. F. Itaniinclsbcrg, .\nn., 134, .308 , 400 (1808) 


1-2270 


25 


5o2 
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BaL 

HCl I_2271 

Fuming hj'di’ochloric acid forms barium chloride from barium iodide 
ciuickly and easih’. 


BaL + 2HC1 BaCb + 2HI 

K. Grump, Bcr., 7, 1723 (18741 



Bal.> 


L + SO, 


1-2272 


Sulfur dioxide is passed into a solution of barium iodide and iodine. 

Bal, + I, + SO, + 2H,0 BaSQ^ + 4HI 

E. Bodroux. Comj)t. rend., 142, 271) (1006) 


25 


Bal, 

Nal (NH.i),PO. 1-2273 

On fusing a mixture of barium ioilide, sodium iodide and a small quan- 
tity of ammonium phosphate, followed by slow cooling, hexagonal 
crystals of barium iodophosphate crystallizes out. 

Substitution of ammonium arsenate and vanadate gave the correspond- 
ing arsenates and iodovanadates. Similar strontium and calcium 
compounds were obtained. 


fa) 

(b) 

(c) 

(d) 

y 

/ % 

(cj 

(f) 


(3BaI, + 2 fXn,):iP 04 Ha 3 (PO-,), + 

Bal, + 3 Ba,i(P 04 )'.- -> HaI,-3Ba3(PO.,)-. 

3 Bal, + 2{\H4)3 AsO, — Ha.d.A.-^O,), + 0 NHJ 

Bal, + 3 ]^a 3 fAs(),), -> HaI,- 3 Ha 3 (AsO,), 
3BaT, + 2 (XH,) 3 V()^ -> Ba^tVOib + B XH,I 
Bal, + 3 Ba 3 (\’< > 4 ), — > Ba[,- 3 Ba 3 f\ Od, 


.\. Ditto. C'otiipt. rond.. 96, 122(5 (1883) 
Bof.. (’. F. M., Science, 2, 407 (18.8.3) 


73 


o. 


Bal. 


1-2274 


If barium iodide is heated in a current of drv air until no more iodine is 
given off, a residue of basic barium periodate is formed. 

.)Bal, " 1 “ (i( ), — » Ba;.I,()t, H" 41, 


S. Sngiiiru uiicl 1’. Cross, .1. Clioin. .Soc. (London). 36, llS (l.s7!l^ 
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Zr(S04)2 



1-2276 


A basic zirconium iodide is formed when solutions of barium iodide 
and zirconium sulfate are mixed and the solution evaporated over con- 
centrated sulfuric acid. 


4Hal2 + 2 Zr(S 04 )., + GMOH -> 2ZrI(()FI)n -f 4BaSO., + (GHI) 

liinsberK, Ann., 239, 253 (1887) 

Ref., J. Am. Choin. Soc., 18, 673 (1896) 


Bal» 

Betaine 1-2276 

When an acpieous solution containing 1 part barium iodide and 1 part 
betaine is concentrated, betaine barium iodide tetrahydrate precipi- 
tates. 


('() -f Hal: + IIU) -> f(’ir,)3X-(’II,.-(’() BaIo- UT,() 

'■ - ()-— i 1— 0 — I 

W. K. .Vnslovv and II. Kin^, liicu'licm. .1., 22, 1262 (1928) 


53 



BadOa)-* 


Barium iodate is heated to a lii^ih temjK'rature. 


5Ba(I( >:.)•. -> IhudOeb + Mi + 9(b 


C. F. Raminclsbcru, Pogg. 


Ann. 137, 315 (ISC9) 


1-2277 



H2SO4 


Ba(Mn().,b 


1-2278 


Dried barium permanganate 
added. After concent lat ion 
tained. 


was dis.solved 
in a vacuum. 


in water and sulfuric acid 
])(‘rinanganic acid was ob- 


(BafMnO,), 4 ll.,S(); -211Mn(), 4 BaSO.) 


1 Iiiiudcld , Scli\vcign(’i>, .1. ( liciu. iMiann., 30, 133 (lS3n) 

Kof.. Mitschorlii-h, Pujifi. Ann.. 26, 2S7 (ls32i 

Ref.. Tlicnaid, Coiupt. Retnl , 42, 3S2 (IS.)ni 

Kef,. AscliotT. .1. prakl. Cla-rii.. 81. 29 flMlUi 

Kof., Toroil, CIk'Iii. Nru,--, 6, 57 (ISfVJi 

Kef., Muir, J. Clu'in. S<ic. tPotnloni, 91, 1 1S5 (190« ) 


If}!f 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 


Ba(Mn04)2 

TI 0 SO 4 1-2279 

A solution of barium permanganate will react with a solution of thal- 
lous sulfate yielding thallium permanganate. By evaporating the 
solution black colored, prismatic crystals of thallium permanganate 
are obtained. 

Ba(iMn 04)2 + TI2SO4 ^ 2TlMn04 + BaS04 

R. J. Meyer and H. Best, Z. anorg. Chem., 22, 169 (1900) 88 


BaCMnOi)" 

A ' 1-2280 

Barium peimanganate decomposes when heated to 220°. 

5Ba(Mn04)2 2BaMn03 + 3BaMn04 + SMnO. + 6O2 

Crespi and Moles, Anales soc. espan. fis quim. 20, 692 (1922) 85 


BaCNH,). 

Kira. 1-2281 

Barium amide reacts with potassium amide in liquid ammonia yielding 
a precipitate (a), which dissolve.s in an excess of the precipitant and is 
known as potassium ammono bariate (b). 

(a) Ba(NH2)2 KNH. Ba KfNH.js 

(b) . BaK(NH2)3 JhiXK YNI-L 

E. C. Franklin, J. Am. Chem. Soc., 37, 2297 (191.5) 

Ref., ibid. J. Phys. Chem., 23, 41 (1919) 85 


Ha(NI-L)2 

A 1-2282 

Barium amide decompo.ses forming barium nitride at 050°. 

3Ba{NH.)2 — BaaX. + (4X113) 

Guiitz and Mentrel, Bull, Soc. Chim,, (3), 29, 585 (1903) 

Ref., .1. L. Howe, J. Am. Chem. Soc,. 25, 1293 (1903) 1 


Ba(X’’02)2 

CUSO 4 1-2283 

Barium nitrite and copper sulfate produce a deep green, almost l)lackish 
green, solution of, copper nitrite which on evaporation gives a basic 
nitrate. Similar reactions take place when barium nitrite reacts with 
sulfates of Cd, Mg, Zn. Co and Xi and with chloride of lead. 

Ba(X02)2 + C’uS 04 CufXO.). + (BaS 04 ) 

J. Lang, K. Sv. Vet. Akad. Handl. 3, 16 (1860) 10 
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TINO2 


Ba(N02)2 


1-2284 


A solution containing l)anum and thallium nitrites (2:1) is evaporated. 


2Ba(X02)-. + TIXO.. 2Ba(X02)2 -TlN02 

('utlica and Paciollo, Clazz. cliim. ital,, 62, (1) 141 (1022) 



Ha(N02)2 

^ 1-2286 

■ (a) When barium nitrite is heated slowly and cautiously, nitrous 
oxide, barium oxide, and barivim nitrate arc formed, (b) When this 
compound is heated more rapidly, nitric oxide, nitrogen, barium oxide 
and barium nitrate are formed. 

(a) 3Ba(X02)2 ^ 2Ba() + BaCXOa)^ + 4X0 

(b) 2Ba(X02)2 -> BaO + BafXOa). + XO + N 

C. Ganguli, J. Chom. Soc. (London), 87, 183 (1005) 102 


Ba(X()>)>l 2 'Bt 


Pb(N03)2 


1-2286 


Solutions of barium iodine platino-nitrite and lead nitrate precipitate 
yellow, crystalline lead iodine platino-nitrite. The mercurous salt is 
formed similarly. 

V 

2Bb(X03)2 + Ba-(X()2)2*l.>Bt + (21120) 

Pb-(N()2)2- l2- Pt-Pb(OH)2 + (Ba(X03)2 + 2HNO3) 

L. 1-. Nilson, K. Sv. Vet. Akad. Ilandi., Ofvers. 36, No. 3. 36-58 (1878) 


10 


IhiNoOs 


Acid 


1-2287 


The decomposition of lhiX20.i "ith the addition of some mineral acid 
will give barium oxide and nitric oxide. 

BaX 203 BaO + 2X0 

A. Angeli, Gazz. chim. Ital. 26*, 20 (1806) 


21 


Ba(X03)2 

AgCoHsO. 

.\ solution of barium nitrate is treated with silver acetate. 

Ba(X()3)2 + 2.\g(':;I[302 — > Ba(C2H302)2 + 2AgX03 
K. Gricsbach, Z. Pbys. Chem.. 97, 22 (1027) 


1-2288 
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Ba(N03)2 

FeSO, 1-2289 

Ferrous nitrate solution is prepared by the interaction of a dilute nitric 
acid solution of ferrous sulfate and an aqueous solution of barium nitrate. 

FeSO, + Ba(N03)2 ^ Fe(N03)o + BaSO., 

A. A. Xoyes ami B. 1-. Braun, J. Am. Chem. Soc., 34, 1017 (1912) 1 


BaCNOs).. 

H,C204 1-2290 

A solution of barium nitrate reacts with oxalic acid at 100°. 

Ba(N03)2 + H2C2O4 ^ BaC204 + 2HNO3 

W. 0. do Cunink, Bull. Soc. Cliim., 19, 110 (1916) 25 


myihh 

HoSe04 1-2291 


Barium selenate precipitates when a solution of barium nitrate is treated 
with a hot .‘solution of selenic acid. 

Ba(X 03)2 + U-^eO, ljaSc() 4 + 2IIX()3 

1'. C. Matliors and R. S. Bonsib, J. .\m. Chem. Soc., 33, 704 (1911) 1 


Ma(X( 

KXr04 1-2292 

Barium is (|Uaiititatively .separated fiom .slrunlium (calcium and 
ma^nesi\im) when the nitrates are treatcMl with sodium acetate and 
acetic acid, and potassium chromate added until the solution is yellow. 

BafX().A> + lU'rOi -- HaCrO^ + 2KX();, 


I r. I'rcrich.s, Bei’., 7, SCX) (l!Si4) 



BafXt ),h 


KNH- 


1-2293 


.\ wldte iii>olul)le precipitate of pota.'sium baiium nitride diammuniate 
i.-< produced when barium nitrate aii<l an e\ees> of potassium amide are 
luoujiht to}*:(dher in li(|uid ammonia solution. 

liafXO:,), ( ;-tKX!l, ■ lk.XK-2X!I:. i i2KX(),;) 

I,, r. l iyiikliM, .1. Am. (■lu-iii, , 37. 22'»7 
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KNHo 


Jia(N03).> 


1-2294 


Barium amide may be formed when two equivalents of potassium amide 
are added to barium nitrate in liquid ammonia solution. 


Ba(\03)> -h 2KNir,-^ Ba(NH2)2 + 2KN()3 

E. C. Eranklin, J. Am. Chcin. Soc., 37, 2299 (1915) 


1 


lia*(X02)4Pt 


K2SO4 


1-2296 


When solutions of bari\im platinonitrite and i)otassium sulfate arc 
mixed and the precipitated l)arium sulfate filtered off, the filtrate 
yields colorless, obliq\ie, four-sided tal)lets of dihj'drated potassium 
platinonitrite. Similar methoil yieUls corresponding salts (most of 
them hydrated) of Rb, ('s, XIIi, 'I'l, Xa, Li, Ag, (’a. Mg, Mn, Co, X'i, 
Cu, Ziq Cd, Al, Y, Kr, Ce, I.a, and Xd. 

Ba-(X02)rRt + K-.S()4 + 211., 0 -> K.,.(X02)rPt-(H.,0)2 + BaS04 

L. F. Nilson, K. Sv. Vet. Akatl. Ilaiull. Ofveis. 33, Xo. 7, 23-30 (1S76) 


10 


KH2C03(CN)n H,0 


Ha(X()3b 


1-2296 


Baric cobaltocobalticyanide is made by adding an excess of barium ni- 
trate or chloride to a solution of monopotassic cobaltocobalticyanide. 


2Ba(X()3)2 + 2KII,Co3(CX)n-2II,() 

^ 2BaIICo3(CX)n-3/21M) + (2KX()3 + 2HN()3 + H-,()) 

Jackson and Conicyr Am. Cliein. J., 19, 275 (1S97) / 


NaaHoIOc 


IhitXtD-j 


1-2297 


Barium periodate is foruK'd when 
with barium nitiate. 


tj-isodium i)arap(‘riodate is tieat(*d 


.3Ha{X():(l, f 2Nad Lit ),;)■, f (liXaXO.;) 

M. II, Willard and J, .1 .1 \iii ( lu ni. .Sot- , 66, IsJS 
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Ba(N03)2 

NaHSiOa 1-2298 

AVhen solutions of barium nitrate and of sodium hydrogen selenite are 
mixed, the solution yields barium selenite selenium dioxide as radiated 
masses of small, four-sided prisms. 

Ba(N03)2 -b 2XaHSe03 ^ BaSeOa-SeOs + (2NaN03 + H 2 O) 

L. F. Nilson, K. Sv. Vet. Akad. Handl. Ofvers., 31, No. 1, 38 (1874) W 


BaCNOa). 

NaHSeOa 1-2299 

Slow precipitation from barium nitrate and sodium hydrogen selenite 
solutions yields mono-hydrated normal barium selenite as small prisms. 

Ba(N03)2 + NallSeOa + I W BaSeOa TLO + (NaNOa + HNO3) 

L. F. Nilson, Nova. Act. Reg. Soc. Sci. Upsal., Series 3, Vol. 9, No. 7, 39 (1874) 10 


Ba(N03)o 


NaI04 


1-2300 


A .'Solution of barium nitrate is treated with .«<odium periodate. 

2Ha(X03)2 + 2XaU)4 + HoO ^ + 2XaX03 + 2HXO3 

C. F, Rammelsberg, Pogg. Ann., 134, 391 


26 


Ba(N03)-> 

Na2Pt(CoO02 1-2301 

From barium nitrate solution sodium platino-oxalate produces hydrated 
l)ai ium platino-oxalate. 'I'he dark sodium .^alt gives the 1:1:3 product 
as a dark green to greenisli l)rowii amorphous precipitate, and the light 
gives the 1:1:2 product as orange-red, microscopic crystals. 

(a) Xa2Pt(C’20,)2 + Ba(X()3)2 + 31120 

-> RaC204-PtC’204-3H20 + (2XaX03) 

(b) Xa2Pt(('204)2 + Ha(X03)2 + 21120 

BaC20rPtC’204-2H20 + (2XaX03) 

II. G. Soderbaum. K. Sv. \*et. Akad. Handl., Ofvers. 42, No. 10 , 32-33 (1885) 10 
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Ba(N3)2 

UV Light 1-2302 

When barium triazide is irradiated with ultra-violet light o'f less than 
2360 A, nitrogen is evolved and nuclei' of metallic barium are formed. 

Ba(N 3)2 — > Ba + SNz 

W. E. Garner and J. Maggs, Proc. Roy. Soc. (London), 172A, 299 (1939) 110 

Ba(NH3)6 

CO 1-2303 

Barium carbonyl is fonned as a yellow, fairly stable compound by action 
of carbon monoxide upon barium hexammoniate. 

Ba(NH 3)6 + 2CO Ba(CO )2 + (ONH 3 ) 

Guntz and Mentrel, Bull. Soc. Chim., (3), 29, 585 (1903) 

Ref., J. L. Howe, J. .\m. Chem. Soc., 26, 1293 (1903) 1 



Ba(Nll3)c 


1-2304 


Barium hexammoniate decomposes at temperatures above —23°, form- 
ing barium amide. 

Ba(NH3)6 BaCNIU)-. + (dNlU + IB) 

Guntz and Mentrel, liull. Soc. Chim., (3), 29, 5S5 (19031 
Ref., J. L. Howe, .1. .Am. Chem. Soc., 26, 1293 (1903) 


I 


HaO 

C + SiOs 1-2306 

Barium oxide is mixed with sand and caibon and heated in the electric 
furnace. 

BaO + 2Si02 -b 5(’ Barti. + SCO 

Bradley, Chem. News, 82, 149 (1900) ^5 


BaO 

CH, 1-2306 

Whe^ methane at 15 mm. is passed over barium oxide heated to 1050 - 
1200°C, barium carbide, carbon monoxide and hydrogen arc formed. 

BaO + 3(’ni — > BaC> + (’O + OH^ 


Franz Fischer, BrennstofT-Chem., 9, 331 (1928) 
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BaO 

(CH,)eFe{CN)6(HS04), 1-2307 

hen an :uiueous solution of hexamethylferrocyanide hydrogen 
sulfate is neutralized with barium oxide, the corresponding normal 
sulfate is produced. Addition of barium chloride produces hexamethyl 
ferrocyanogen chloride. 

(a) (CH,d«Fe(C\) 6 (HS 04)2 + BaO ^ (CPr 3 ) 6 Fe(CN) 6 S 04 

+ BaS04 + H 2 O 

(1)) (C’H 3 ) 6 Fe(CX) 6 S 04 + BaCb ^ (CH3)6Fe(CN)fiCl2 + BaS 04 

E. G. J. Hartley: J. Chem. Soc. (London), 97, 1728 (1910) 51 


BaO 


CoH.OH 


1-2308 


Barium oxitle has been shown to be superior to calcium oxide for the 
small-scale dehydration of alcohol. However, the dehydrated othvl 
alcohol thus obtained is only 99.5 per cent in strength as a result of the 
reversal of the dehydration reaction through the formation of barium 
ethoxide. 

BaO + 2('2lLOH ^ HafCyioO).. + ILO 

G. Frodorick Smith i\i\d C. Getz, Ind. l-hijr. Chom., .Vnal. Kd., 9, 100 (1937) 


U 


BaO 

CaCOi 1-2309 

Barium monoxide wlien heated with calcium carbonate yields barium 
carbonate and calcium oxide. It behaves similarly with calcium sul- 
fate, normal phosphate, and silicate. Strontium oxide may be sub- 
stituted for barium oxide in all four cases. 


(a) 

I3aO + ( aCO:, 

BaC'O, + CaO 

(b) 

s / 

IhiO 4- CaSO, ■ 

— > BaSO( -j- ( ':i( ) 

(cl 

;Hia() -i- (‘a:dPO,i, 

Ba.ifPOi), + 

(dl 

BaO 4 CaSiOj 

-> BaSiO, + CaO 


.1- Hcdvall, Sv. K(‘ni. Tidskr., 40, 07 (102S) 


iO 
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BaO 

^^3 1-2310 

Barium triazide is formed when barium oxide is dissolved in a solu- 
tion of triazoic acid and allowed to crystallize over sulfuric acid. 

V 

BaO -f 2HN3^ Ba(N3)2 H20 

Dennis and Benedict, J. Am. Chem. Soc., 20, 229 (1898) 1 


BaO 


HoO 


1-2311 


Barium monoxide reacts with water and 3 ’ields barium hydroxide. 

BaO + H.O Ba(OII), 

J. A. Hcdvall. Ark. Kcm., Min., Gool., 7, Part 14, 2 (1918) 


10 


BaO 


Mg 


1-2312 


An enerp;etic reaction occurs when l)ariuin oxide is reduced b}’ majj;ne- 
sium in the presence of hydro'ren. 

BaO + Mfr ^ Ba -|- 

II. F. Keller, J. Am. Chem, Soe., 16, 837 (1S94) 


1 


BaO 


SiO.> 


Barium oxide is heated to 13()8° with silicon dioxide 

BaO + SiO-' BnSiO, 

O. Stein, Univ. CJoettin^jen Dis.s. 


1-2313 




O 

A 


JiaO 


1-2314 


Barium oxide, when heated reacts witli oxysf'U from the air forming 
barium pcroxid(‘. 1 ])on li(‘ating to a highei temjjeiatuie, baiiuni 
jieroxifle d(*(’om])(>s(‘s producing oxyg('u and i)arium oxide. 

(a) 2lia() O-j — > 2BaOj 

(1,) 2BaO:. — > 21h»0 + O.j 

Boussiiif^ault, Ann, ('him. Phys., (3) 36, 5 (1S52) 


/* '» 


4 
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BaO • 9 H 2 O 

^ 1-2316 

Barium oxide nonahydrate readily forms the dihydrate at relatively 
low temperatures. Heated at 90-5“ in a current of hydrogen, both 
the nonahydrate and the dihydrate form the monohydrate, which will 
yield the anhydrous oxide if heated to 780° for two to three hours. 

BaO • 9 H 2 O -I- A -> BaO + 9 H 2 O 

De Forcrand, Compt. rend., 147, 166 (1908) 


AuCla 


BaOj 


Barium peroxide precipitates metallic gold from gold solutions. 

(2AuCl3 + SBaOo ^ ^ + (SBaCb + 3O2) 

V. Lenher, J. Am. Chem. Soc., 36, 1424 (1914) 


1-2316 


1 


Bah 


BaO. 

A mixture of barium peroxide and barium iodide is heated 

SBaO. Balo Ba3(IOs)2 4" 4Ba(3 

0. F. Hammclsberg, Fogg. Ann., 44, 577 (18.38) 


1-2317 


25 


BaO> 


Ihuium peroxide is reduced by heating to redness with carbon 

2Ba02 4- C’ 2BaO + CO. 

Korda, Compt. rend., 120, 615 


1-2318 


25 


CO 


Ba02 


1-2319 


A 30% solution of barium dioxide at 0° slowly saturated with carbon 
dioxide, reacts to form barium percarbonate (barium dioxide carbonate). 
Kxcess water will cause this product to decompose liberating hydrogen 
peroxide. 

(a) Ba02 4- CO2 BaC04 

(b) BaC04 + H2O H2O2 4- BaCOa 
R. Wolffenstcin and E. Peltner, Ber., 41, 275 (1908) 

Ref.: W. Robertson, J. Chem. Soc. (London), 94, (2), 183 (1908) 57 
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BaOs 

CO 2 1-2320 

Barium percarbonate is formed when carbon dioxide is passed into a 
suspension of barium peroxide in water at 30°. 

BaOo + CO 2 -> BaCQ4 

Merck, Ger. Pat., 178,019 (1905) 

Ref., R. Wolffonstein and K. Peltner, Her., 41, 275 (1908) ^5 


BaO. 


CO. 

H.O 


1-2321 


Pure hydrogen peroxide is formed by passing a rapid current of carbon 
dioxide through distilled water to whicli barium peroxide is added from 
time to time. 

liaO. + CO-i -h I BO ^ BaC'Oa + IBO. 

F. Duprcy, Compt. Rend., 66, 736 (1862) 


29 


BaO. 


C6H.sCOC1 

Dibenzoyl peroxide may be prepared by the reaction of benzoyl chloiidc 
with barium peroxide in the presence of water. The reaction may be 

expressed as follows: 

2C’fiH5C‘OC’l + BaOj -* (C’elUUO.O, + BaCl. 

C. G. Ferrari and C. H. Bailey, Cereal Chem., 6. 473 (1929) 


1-2322 


98 


BaO. 


CIO 


1-2323 


Chlorine dioxide (chlorine-free) mixetl with carlion dioxide is passe<l 
into a solution of barium peroxide. 

BaO, + 2C'10,- Ba(ClO,)o + 0-: 

Bruni and Levi, Atti. ist. Veneto sci. let. Arti II, 74, 1711 


25 


BaO. 

HCHO 

Barium formate is the most probal)le compound 
barium peroxide is treated with neutral formaldehyde. 

21ICH() + BaO-i-^ (HCOO)oBa + 11> 

C. A. Lyford, J. Am. Chem. Soc., 29, 1229 (191)7) 


formed 


1-2324 

when 
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Ba02 


HCHO 1-2326 

Barium peroxide oxidizes formaldehyde. 

(a) BaOj 4- HCHO + H»0 ^ BaCOH), + HC'OOH 

(b) BaOo -I- 2HC'()OH (HC()0),Ba + HoOo 

(c) (HCHO -b HoO. HCOOH -f- H.O) 

C. A. Lyford, J. Am. Chem. Soc., 29, 1227 (1007) 35 


BaO, 

H 2 CO 3 1-2326 

Hyilrogcn dioxide may be prepared i)y slowly adding barium dioxide to 
a carbonic acid solution. 

BaOo + H,0 + CO, BaCO.i + I bO, 


II. A. Doernor, Chem. Met. Eng,, 26, 1111 (1922) 

44 

BaO> 

HCl 

1-2327 

Barium peroxide is converted into Ijarium chloride by its 
hydrochloric acid gas. 

reaction with 

BaOo + 4IIC1 ^ BaCb + 2IL() + Cb 


M. C. Weltzicn, Chem. News, 14, 50 (1S6G) 

Wl 

Ba(Y 

H 2 O, 

1-2328 

An afpieous solution of l)arium peroxide is treated witli an excess of hy- 
drogen peroxide in the presence of ammonium hydroxide. Crystals of 
l)arium perox 3 ’hydrate .soon .separate. 

BaOo + ILO., -> Ha().. IL().. 


E. Schonc, Ann., 192, 272 (1878) 

20 

liaO-. 

HD. 

1-2329 

An excess of l)ai ium dioxide will cause* decom|)osition and lo." 
dioxide. 

'S of h\'di’ogen 

H-jO. -j- Hat)-.. Ha(<)H)-.. f (L 


H. A. Doerner, Chem, Met. Eng., 26, 1111 (1922) 

44 



BAHIUM 


565 


BaO. 

H 3 PO 4 1-2330 

A suspension of barium peroxide in cold water is treated with phosphoric 
acid. 

SBaOo + 2 H 3 PO 4 — Ba3(lH)4)., + 3H.().> 

F. Cobcllis, U. S. Pat. 1,273,824 (1918) 


H 2 SO 3 

Barium pcroxitle is added tt) a cold dilute solution of sulturous acid. 

Ba().. + nSO, Ba803 + lUO-i 
BaSOa + IU) 2 — ^ BaSOi + H.O 


1-2331 


(a) 

(b) 


Ij. Marino, Z. Anoig. Clicin., 66, 233 

Rof., L. Marino, Cazz. Cliiin. Ital.. 38’, 299 (1908) 


2/ 


I 


A 

I. 


BaO^ 


1-2332 


Barium peroxide and excess iodine are ground together until the inix 
ture is black, then placed in retort and heated. 

oBaO-j + 71,. 2I,.()6 + olhib 

Xo Autlior nivi-n, Ann., 4, 170 (1832) 






Barium peroxide reacts witli iodine. 

(iBaOj + 21, --^ Ba.s(H>6)j + Balj 

C. F. KaiiunolsberiJ, Pogjj. Ann., 44, 577 


1-2333 


25 


Ua( ) . 


1-2334 


When barium pmuxiar- au.l an ul i.Kliuc arc licatcd together, bar 

ium iodi.lo ami barium oxide and l.ariuiu paraio.latc arc lormed. 

,y, (riHat).. i 21, • Ikil, ( 

C. Ibuiimclsbuig, Bur., 2, U.s ilst>9i 


n 
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Ba02 

K3Fe(CN)6 

Barium peroxide is added to a solution of potassium ferricyanide. 

BaOs + 2K3Fe(CN)6 K6Ba(Fe(CN)6)2 + O 2 

Kwasnik, Ber., 26, 67 (1892) 


1-2336 



NH 3 


Barium peroxide is reduced 
presence of ammonia. 


Ba02 


1-2336 

by heating to a high temperature in the 


SBaOo + 2NH3 


3Ba(OH)2 + N 2 


Michel and Grandmougin, Ber., 26, 2567 (1893) 



NH4CI 


Ba02 


Baiium pei oxide is added to a solution of ammonium chloride. 

2Ba02 + 4NH4C1 2BaCl2 4- 4 NH 3 + 2 H 2 O + O 2 

Santi, Boll. Chim. Farm.j 43, 673 


1-2337 




Ba02 


1-2338 


Barium sulfate is produced by the reaction of sulfur dioxide on barium 
dioxide. 


Ba02 4- SO 2 —* BaSO^ 

E. J. Russell and N. Smith, J. Chem. Soc. (London) 77, 3-15 (I'jooj 


102 


SOClo 


Ba02 


1-2339 


Barium chloride and sull'ur dioxide are formed when barium peroxide 
and a large excess of thionyl chloride are heated in a sealed tube. 


(a) 2Ba02 4- 2 SOCI 2 -> BaCb 4- BaS 04 + SO 2 CI 2 

(b) BaOs 4- 2 SOCI 2 BaCls 4- SO 2 4- SO 2 CI 2 

North and Hageman, J. Am. Chem. Soc., 36, 544 (1913) 


1 
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BaO. 


1-2340 


ZrOa + A1 

A mixture of barium peroxide, zirconium oxide and aluminum is heated 
to a high temperature. 

BaOi + ZrOs + 2A1 AI 2 O 3 + BaO + Zr 

K. A. Kuhne, U. S. Pat. 910,394 (1909) 


BaOa 


1-2341 


Barium dioxide melts at bright red heat, and decomposes into barium 
oxide and oxygen. 

* 2Ba02 2BaO + O 2 

Em. Schone, Ber.,6, 1174 (1873) 


11 


BaOo 


1-2342 


Heat decomposes barium peroxide leaving barium monoxide and evolv- 
ing oxygen. 

2Ba02 + A -> 2BaO -j- O 2 
J. A. Hedvall, Ark. Kem., Min., Geol., 7, Part 14, 1 (1918) 


10 


Ba(OH )2 


1-2343 


AgNOa 

Silver oxide is precipitated when silver nitrate solution and barium 
hydroxide are dropped simultaneously into a liter of conductivity watei 

heated almost to the boiling point, 

2 AgX 03 + Ba(OH )2 Ag.O + (Ba(NO ,)2 + H.O) 

Johnston, Cuta and Garrett, J. Am. Chem. Soc., 66, 2312 (1933) t 


Ba(OH) 


1-2344 


Ba3Co2(CN) 12 

When a clear solution of barium hydroxide is treated udth an excess 
solution of barium cobaltic cyanide, a basic salt is tormed. 

Ba(OH).> -t- BasCo-ACNlu-^ BaCOHh-BajConfCN),.. 

P, Weselsky, Ber., 2, 595 (1869) 


II 
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Ba(OH)2 


BaSOji 

I^ 


1-2346 


Hanum sulfite is oxidized by iodine in barium hydroxide solution. 

BafOHj., + BaSO., + ^ BaSO, + BaB + H.O 

Wagners Jber. (1862) p. 260 


25 


Ba(OH )2 


Br 


1-2346 


Wlien In-omine is added to a solution of liarium tn-droxidc, barium hypo 
bromite is formed. 

2Ba(OH).. + 2Bro -> Ba(OBr).. + BaBio + 2FLO 

W. Knop, Ber., 3, 02 (lS70i 


It 


CoH5CH(OH)COOH 


Ba(()II)o 


1-2347 


Mandelic acid was dotennined (luantitatively bv 
tion with acidified ether, evaporation of the ether 
of tlie re.sidue. dissolved in neutral alcohol witli 
using phenolphthalein as indicator. 


extraction from solu- 
extract, and titration 
l.V bai-iurn hvdroxide 


Ba(()II)» + 2C6lti,('II(()H|('()()ll (CdBCHlOHICOObBa + 2?l20 

Stevens and Hughes, ,Vin. IMiarni. Assoe., 28, 222 (1039) 


112 


BafOH). 


CH.CfNHo) (CONHo), 


1-2348 


When aminoLsosuccinamide is boiled nith barium hydroxide, barium 
aininoisosuccinate and ammonia aie formed. 

('ll;, ('(.MB) iCOXH.i, + BatOll).. — 2X11, + ( 'IBCtXIl..) (('()()),Ba 

Kbriieraiid -Meiiozzi, (bizz. C’liim. ital. , 17, 426 flXSTi 
Hof., F. I/Otlmin. Bioehem, J.. 3, 200 HOOK) 
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Ba(OH )2 


CHaCOCOOH 


1-2349 


KCN 


Pyriwic lU'itl is hoattHl with potassium cyanide; concentrated hydro- 
chloric acid is added, and the mixture is poured into a hot solution ot 
barium hydroxide. On cooling, the solution deposits white crystals of 
barium mcthyl-tartronate. 

('lUCOCOOII + KC'X + HCl + Ba(OHb 

-> ClhCiOH) (COO)>Ha + NIU + (KCI) 


C. Bottingcr, Her., 17, 144 (1884) 

Ref., P. Latham, Biochem. J., 3, 193 (1908) 



Ba(OH )2 

CoHsCOOH 

Barium hydroxide in solutioi» reacts with propionic acid. 

BaCOH)- + 2CMUC’OOn — » fC-dUCOObBa + 2H..0 

Wing ami Thompson, J. Ain. Chem. Sue.. 48, 104 (1920) 


1-2360 


23 


CoHtH.PO 


1 


Barium hydroxide solution 
phate, obtained liy treating 


Ba(()ll)j 

1-2361 

reacts with ethyl dihydrogen orthophos- 
phosphoiyl chloride with ethyl alcohol. 


Ba(()H )2 + C’dl5H-.lH)4 ^ BaCdUPO, + 2H-.0 
Von D. Balarew, Z. anorg. (’Iiein.. 101, 225 (191() 



Ba(()H)i; 


CH,:N CHoCN 

Meth\ 
boilin 


1-2362 


L-thylone-iuniiuKU-ctonitrilo is co.uplfU'ly to glyci.ie l.y 

iling with u 40' t. solution of hariuni hydroxiilo. 1 In- tico ammo and 

is libeiatod fiom its hariuin salt hy sidtiinc acid. 

(a) 21 l 2 :X t'n,CN + HaiOHh -h-211,() t(C'lh(Nt'll,tC'OOj,Ha) 

(b) (CH.(\CH..)C'0()),.Ba + IbSO, BaSO., + 2( IblXf H2)t001I 

(c) C'i'wXCiyCOOlI + IbO - ClbfXfBH'OOII + HCIIO 

A. H. Ling and D. It. Xanji. Bim-liem. .1., 16. 702 (1!)22) 


53 
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Ba(OH)2 

C 1 oH 5 (N 02)2 • SO 2 CI 1-2363 

Double decomposition between barium hydroxide and dinitronaphtha- 
lenesulfonic aeid-chloride yields hydrochloric acid and a solution from 
which the pentahydrated barium salt of dinitronaphthalenesulfonic 
acid crystallizes as small, flat, yellow needles. 

(a) 2 CioH 5(X02)2-S02C1 + Ba(OH)2 

2 HC 1 + Ba(C:oH 5 -(N 02 ) 2 -S 03)2 

(b) Ba(CioH5-(N02)2-S03)2 + oHsO^ Ba(CioH5-(N02)2-S03)2-{H20)6 

P. Hellstrom, K. Sv. Vet. Akad. Handl. Bihang., 16, II, No. 3, 41-43 (1890) 10 


Ba(OH)2 

C 2 H 2 N 2 S 3 1-2364 

Barium hydroxide will react with xanthane hydrogen at higher tem- 
peratures yielding a white precipitate. 

Ba(OH)2 + C2H2N2S3 -h H2O BaC2N2S3-3H20 


J. V. Dubsky, A. Okac and J. Trtilek., Z. anal. Chem., 100, 416 (1935) 


28 


cs 


Ba(OH)2 

Barium hydroxide solution at 50 ° reacts with carbon disulfide. 

2Ba(()H)2 -I- 3CS, 2BaC'S3 + C’O. + 2 H 2 O 
Wilhelm Mang, Rev. gin mat. plastiqucs, 2, .357 (1926) 


1-2366 


25 


CS 


Ba(OH)2 

Barium hydroxide .solution at 100° reacts with carbon disulfide. 

2Ba(OH)2 + BaCDa -f Ba(nS )2 -h ILO 

Chancel and Parnientier, Compt. rend., 99 , 892 (1887) 


1-2366 


25 


Ba(OH )2 

Ca(HC03)2 1-2367 

CO, 

Barium hydroxide precipitates carbonic acid as calcium carbonate from 
natural water. 

Ca(HC 03)2 -h CO, + 2Ba(Ofr)2 2 BaC 03 + CaCO., -f 3ILO 

Pettenkofer, N. Rep. Pharm., 10, 1 

Ref., J. Am. Chem. Soc., 23, 409 (1901) / 
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Ba( 0 H )2 

CSHSO 4 1-2368 

A solution of cesium acid sulfate is treated with barium hydroxide. 

CSHSO4 + Ba(0H)2 CsOH + BaSO^ + H.O 

McCrosky ami Buell, J. Am. Chem. Soc., 42. 1786 (1920) ^ 


1-2359 


Ba(OH)2 

HC2H3O2 

Barium acetate is produced when a solution of barium hydroxide is 
neutralized with acetic acid. 

Ba(OH)2 + 2HC2H30-. Ba(C2H302)2 + (2H2O) 

L. 11. Duschak, J. Am. Chem. Soc., 30, 1828 (1908) 


1 


Ba(OH)2 


H2C2H2S3 


1-2360 


When biu ium hydroxide is treated with perthiocyanic acid and tlie mix- 
ture heated, the yellowish brown solution yields, after reerystallization 
from water solution, white microscopic needles of tetrahydrated barium 

perthiocyanate. 

(a) Ba(OH)2 + H2C2N2S3 BaCoXsSa + 2H2() 

(b) BaC.NoSa + 4H2O BaC 2 X 2 S 3 - 4 H 2 () 

P. Klasoii, K. Sv. Vet. Akad. Handl. Bihaiig. 14, II, No. 7, 9-13 (1888) 


10 


Ba(OH)2 

HCH 3 SO 4 

Barium hydroxide neutralized with methyl sulfuric acid yields four- 
sided tablets of dihydrated barium methyl sulfate. 

Ba(OH)2 + 2 HCtl 3 S04 BaCCHs-SOOs ^HoO 
J. E. Al6n, K. Sv. Vet. Akad. Hand!., Ofvers., 37, No. 8, 12 (1880) 


1-2361 


10 


Ba(OH)> 

H 2 Ge 03 

Barium Kcrmanate is precipitated when germanic acid is treated with 
barium hydroxide solution. 

HoGeOa + Ba(OH)2 BaGeOs + 2T-I2O 

Muller and Gulezian, J. Am. Chem. Soc., 61, 2040 (1929) 


1-2362 


1 
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Ba(OH)2 


1-2363 


An excess of liydrogen peroxide acting on an aqueous solution of barium 
liydroxide lielow 20*" C\ produces a white peroxide which turns buff on 
standing and is a more vigorous oxidizing agent than RaO.. 

(Ba(OH )2 + 2 H 2 O 0 ^ BaO., + 3PLO) 

(’arlton, Chem. and Ind., 44, 1047 (1925) 


H..O> 


Bn (OH),. 


1-2364 


A solution of barium hydroxide is treated with hydrogen peroxide at 

room temperature, either with or without ammonia, in a stoppered 

flask tor 24 to 48 hours. The mixture is allowed to stand and barium 
peroxide with eight ILO forms. 

Ba(()H )2 4- II 2 O 2 + 8H,.(t ^ Ba() 2 -<SIf 2 () + 2 H 2 () 

Iv. Sclionc, .\nn., 192, 270 (1S7S) 


H.O 


Ba(()in,. 

1-2366 

Barium hydroxide reacts with liydrogen i)eroxide (an excess to be 
avoided) to fomi barium dioxide octahydrate. 

I5a(OH)2 + ILt),- + (illjO — > Ba<)2-8H2() 
i-au. Sclidiio, Her., 6, 1173 tl873i 11 


Ba(()Il), 

1-2366 

Ihirium acid phosphate is formed when I>ariuni hydi'oxi<ie is treated 
with plK)sphoric acid. 

BafOH),. + ILBOi BallBO,, -f- 2H2() 

Tartar and Lorali, J. Am. Clicm. Soc.. 51, H)!)2 (1029) / 


BafOH I2 

1-2367 

Barium iodate and iodide are |■orIue^| when barium hydroxide is boiled 
with an excess of iodine. 

(iBafOlI), 4 - (il.. ^ (BaflO,)' + olial,. + (HI2O) 

Piielps. J. .\m. Clieiii. 2, 67, (1880) 

Ref., Walker and Gillespie, Am. J. Sei., 166, 455 (1898) 

Kef. ..I. Am. Chem. Soc., 23, 38 (1901) 


/ 
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Ba(0H)2 

K3Fe(CN)6 + KI -f KOH 1-2368 

Barium hydroxide reacts with potassium ferricyanide and iodide in 
strong potassium hydroxide solution. 

Ba(On), 4- 12K3 Fc(CX)o + 2KI + lOKOH 

— 12K4Fe(CN)6 + Ba(I03)2 + GH^O 

Kftssncr, Arch. Pharm., 236, 165 


Ba(OH), 

KMn04 

Barium permanganate is produced when a cold saturated solution of 
potassium permanganate is treated with fluosilicic acid at 30'* an(l 
allowed to stand for some time; then a sufficient quantity of milk ol 
baryta is added to neutralize the fluo.-^ilicic acid originally used. 

V 

(a) IhSiFe -h 2KMn().,-> C2IIMn04 + K^SiFe) 

(b) (2IlMnO| + Ba(()U)2) BaCMnOd^ + SH.O 

Rousseau ami Bruneau: Bull. soc. chim., 41, 246 (1S84) 

Ref., K. W. K., .1. Am. C'hem. Soc.. 6, 77 (1S.S4) 


1-2369 


BaCOlIb 

1-2370 

L8.2O3 

Barium polymetalanthanate i.s formed wlren barium hydroxide i.s <li- 
gested with lanthanum oxide on the water bath. 

5La2()3 + BaCOH), + 1()H4 ) Ba(IUbaiOu)-. -b (3H.O) + (oH.) 
Baskervillc and Catlett, J. Am. Chem. Soc.. 26, 78 (1904) ^ 


Ba(()H), 


MnO, 


1-2371 


SO> 


By adding a barium hydroxide .solution to a ^u-spension of sulfur dioxide 
1 /linvido in water at a temperature ot 0 C-. a piecipitatc 

and manganese (lioxKie 111 w iio- 1 ‘i’ “ 1 

of barium dithionate is obtained. 

Ba((JH)2 + 3 AIn(:)-. + -ISO2 + 2MnS04 + :Mn(()H)2 

R. H. Ashley, Z. anorg. Chem.. 61, 116 (1006) 


.•*8 
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naiOU), 


Mg 


1-2372 


Barium hydroxide is reduced to barium when heated with magnesium 
in a stream of hydrogen. 

Ba(0H)2 + 2Mg ^ Ba -f (2MgO + HgO) 

H. F. Keller, J. Am. Chem. Soc., 16, 838 (1894) 


/ 


N2H4H2SO4 


Ba(0H)2 


1-2373 


Hydrazine monosulfate is formed when hydrazine disuifate solution 
reacts witii a solution of barium h.vdroxide. 

2X2H^ -11,804 + Ba(0H)2 ^ (.\ 2 H 4 ) 2 H.S 04 + BaSOi + 2 H 2 O 
J. W. Turrcntine, J. Am. Chem. Hoc., 37, 1112 (1915) 


1 


Ba(0H)2 

TLSO 4 

Thallous hydroxide in the forms of thin plates is made when thallous 
sultate solution is ticaterl with tlie calculated amount of baryta water. 

T1,804 + Ba(0H)2 ^ 2T10H + BaSO, 

Lamy, Ann. Chim. Pliys., (3). 67, 392 (1863) 

Ucf., Dennis, Doan and Gill, J. Am. Chem. Soe., 18. 977 (1896) 

Ucf.. Phillips and Hartman, J. Am. Chem. 8oe., 66, 3065 (1933) 


1-2374 


/ 


SO 


Ba(OH)2 


1-2376 


Barium sulfite can be prepared by pa.ssing sulfur dioxide into a solu- 
fioii ot barium hydroxide. 

Ba(OH )2 + HoO + SO, ^ j^aSOs + 2IL() 

L. Divers and T. Haga, J. Chem. Soc. (London), 77, 691 (1900) 


102 


Z1O2 


Ba(()H), 


1-2376 


-V zirconate of barium results when zirconium dioxide is fused with 
barium liydroxide. 

ZrOa + Ba(OH )2 BaO-ZrO. + H 2 O 

Venable and Clarke, J. Am. Chem. Soc., 18, 440 (1896) 


I 
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Ba(OH) 


1-2377 


A solution of barium hydroxide was electrolyzed in order to prepare 
pure hydrogen and also pure oxygen. 

(a) Ba(OH)o Ba++ + 2(OH)- 

(b) Ba-^ -1- 2€ Ba 

(c) Ba + 2 H 2 O Ho + Ba(0H)2 

(d) 2(OH)- - 26^2(0H) 

(e) 4(OH) 2Ho() + O, 

F. P. Burt and E. C. Edgar, Trans. Roy. Soc. (London), 216A, 394, 399 (1916) 


105 


Ba(OH )2 

Acetylbenzoic acid 

Free acetylbenzoic acid is neutralized with barium hydroxide, the so- 
lution wanned, filtered and cooled. Crystals of barium acetylbenzoate 

with one-fourth HoO separate. 

2C8H7(3C'0()tI + Ba(OH )2 (C 8 H 70 C'() 0 ) 2 Ba 2 H 2 O 

R. Meyer, Ann., 219, 263 (1883) 


1-2378 


20 


Ba(OH)2 

Alpha-beta-dihydroxytricarballylic acid 

A solution of alpha-beta-dihydroxy tricarballylic acid is neutralized 
with barium hydroxide, filtered and concentrated, ('rystals of barium 
alpha-beta-dihvdroxytricarballylate with five H-O separate. 

The same type of reaction occurs when ('a(OH )2 is treated with a solu- 
tion of this acid. The calcium salt crystallizes with nine IW. 

2C^l\H(h + 3Ba(()n)2 Ba3(C’6n508)2 + bH-.O 

U. Piiwolleck, .Vnn., 178, 160 (1875) 


1-2379 


20 


Ba(Oll )2 

Gamma-hydroxy-n-butyric acid 

An aqueous solution of gam.ua-bydimy-n-butyric acid is treated with 
excess barium l.ydroxide, filtered and concentrated m a desiccator 
over 112804. C’rystals of the baniim salt with 2 IIiO aio fmined. 

2CTl20lUt’H2)2C'()()H + Ba(OH)2-> (C’4ll703)2Ba + 21120 
A. Siiytzcff, Ann., 171, 270 (1874) 


1-2380 


20 
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Ba(OH )2 

m-Benzoylbenzoic acid 1-2381 

m-Benzoyl benzoic acid is dissolved in water and an aqueous solution 
of barium hydroxide added, the excess barium removed with a stream 
of carbon dioxide, the solution filtered and concentrated. Upon cool- 
ing crystals of barium m-benzoylbenzoate with three H.O separate. 

A similar reaction occurs when this reagent is treated with calcium car- 
bonate. The calcium salt has two FLO. 

(a) 2C’i3Fl90CX)0H -f Ba(OH)2 + H.O -> (C'nHgOCOOj.Ba-SHaO 

(b) 2C',3H90COOH + Ca(OH)2 (Ci 3 H 90 C 00 ) 2 Ca- 2 H 20 

P. Senff, Ann., 220 , 240 (1883) 


3-Bromo-alpha-furoic acid 


Ba(OII),> 


1-2382 


A hot aqueous solution of 3-bromo-alpha-furoic acid is saturated with 
barium hydroxide. filfere<I and concentrated over sulfuric acid. Cry.s- 
tals of barium 3-bromo-alplia-furoatc separate, with one IFD. 

A similar reaction occurs when this reagent is treated with calci 
carbonate, silver nitrate or pota.ssium carbonate. 

The calcium salt has three ILO. 

2C'4H2BrOC'OOFI + Ba(OH)2 (C’dlsBrOC '()0)2Ba -f 2H2(3 

H. Hill and C. Sanger, Ann., 232, 59 (1886) 


mm 


20 


Ba(()I[), 

n-Butanesulfonic acid 1-2383 

An aqueous solution of n-butane sulfonic acid is neutralized with barium 

hydroxide, filtered and concentrated on the water hath, then in .n dcsic- 

oator over HiSO.. Crystals of the hm inm salt of n-hntnnc sulfonic acid 
separate with one 1120 . 

2(( Afol^Ogll) + Ba((>n)o— > (('iirgSO.,)..!^! + 21[*.() 

X. CIrabowsky and A. SaytzefT, \un., 171, 252 (1874) jo 


Cinnamic-acid-4-sulfonic acid 


Ba(()ll). 


1-2384 


An a(iueous .solution of cinnamic-acid-4-sulfonic acid is neutralized 
with barium hydroxide, filtered and concentrated. Tlie l)arium salt 
crystallizes with one IL(.). 

C'JIsSO^ + BafOIDo^ C'aH6S()5Ba -f 2IL() 

W. Rudnew, Ann., 173, 13 (1874) 


20 
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Ba(0H)2 

Diethylmethyl acetic acid 1-2386 

A solution of bariuiu liydroxide is added in excess to an aqueous solu- 
tion of diethylmethylacetic acid and the excess barium removed by 
passing in CO 2 ; the solution is filtered, concentrated and cooled. Crys- 
tals of the hydrated barium salt separate. 

2(C2H5)2CH3C-C00H + 3HoO -|- Ba(OH )2 ^ BaCCyH , 302 ) 2 -SHaO 

E. Sclulanoff, Ann., 186, 122 (1877) SO 


Ha(OH )2 

Dimethylethyl acetic acid 1-2^ 

An aqueous solution of dimethylcthylacctic acid is saturated with 
barium hydroxide, filtered and the excess barium precipitated with car- 
bon dioxide. The filtered solution is concentrated and barium dimethyl- 
ethylacetate crystallizes with five M 2 O. 

A similar reaction occurs when dimetiiylethylacetic acid is treated with 

Ca(OH)... 

2 C 6 H 12 O 2 -t- Ba(OII)->'^ Ba(C’GHii02)2 + 2 H 2 O 

A. Wischncgnidsky, .\nn., 174, 58 (1874) 


Ba(()H )2 

N-dimethylaminoacetic acid hydrobromide 1-2387 

An aqueous solution of X-diinethylaminoacetic acid liydrobromidc is 
boiled with excess barium hydroxirlc. The mixture is treated with car- 
bon dioxide and filtered; when concentrated, the solution precipitates 
N-dimethylamino-acetic acid barium bromide tetrahydrate. 

(a) 2CH2N(Cn3)A'0(MMIBr -b 2Ba(()lIb 

((C'lbXlt'lbbt'OOliBa) -I- (BaBrj) + (dlbO) 

(b) (CH..N(CIl3)A'00)-Ba + db + 1W> 

(2CH2N(Cll3)A'OOH) -f (BaC'().i) 

(c) CH.NCCIbbt'OOlI + BaBr^ + dlbO 

- . ( -I l .X (( '1 blA'OOl I ■ BaBr, ■ 1 1 Id > 


Anslow uiul Kill)!, ISiocliein. .1., 22, (1928) 
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Ba(OH )2 

N-dimethylaminoacetic acid hydrochloride 1-2388 

An aqueous solution of X-dimethylaininoacetic acid hydrochloride is 
boiletl with excess l)arium hydroxide. The mixture is treated with 
carbon dioxide and filtered; when concentrated, the solution precip- 
itates X-dimethvlaminoacetic acid barium chloiide tetrahvdrate 

(a) 2C’M;X(('H3)=C00H1IC'1 + 2Ba(OH)2 

((CH.XXt'HjW'OOMi:,) + (Bad,) + ( 4 H 2 O) 

(li) (C'n,X(C'H.i) 2 C'()()),Ba + C'O, + IM) 

^ (2('}l2X(('}I,,)2C()()H) + ( BaCUa) 

(c) (■H,Xl('Il3)2C'()()H + Bad-j + 4H2() 

-» C'H2X(C'H3)2C’()UH BaC'l2-4H20 


Anslow and King, Hioi-hcin. J., 22, 125y (1928; 


5S 


Ha(()ll)-. 


N-dimethylaminoacetic acid hydroiodide 


1-2389 


All aiiut'oiis solution of X-iliinotliylainiiioai-otic acid hydroiodide is 
hoik'd with excess hariuni hydroxide. 'I’lic mixture is treated with 
carbon dioxide and filtered; when concentrated, the solution precip- 
itates X-dimethyl-aminoacetic acid barium iodide telrahydrate. 

(a) 2(’H,X(('ll3)2d)()HHI + 2Ba(()lI), 

-* ((dl..X(('Il3)...('()())..Ba) + (Bal, + dhWJ) 

(h) (('H2X(C'll,)2C’0<))2Ba + CO; + lIjO 

— (2dl2X(('H3)2d40H) 4- (BaCUa) 

(e) 2C'H2X(('H3)2C0()H + Bah 4- dlBO 

-^ ( ( ' HiX (( 'H3)2d )( )H}2 • Ba lo • 4 H2() 

Aiislow {iiul King, Biofhnin. J., 22, 12.59 (192S) 


53 


UafOIlb 


Glutamic acid 


1-2390 


A sohitiou of glutamic acid is neutralizetl with barium hydroxide, the 
solution concentrated in vacuo over ILSO,,. Dibasic barium glutamate 
crystallizes. 'I’Ik' same type of reaction occurs when a solution of glu- 
tamic acid is neutraliz(‘d with XII|()H. 

(’dl.XO, -H Ba(OH).. ^ + 21100 

•J. lIal)onnann. .Vnn., 179 , 2.50-1 <187.51 


>0 


lUKll'M 
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BiifOH). 

Glutamic acid hydrobromide 1-2391 

Glutamic acid hydrobromide is (lissol\'ctl in water, tlie solution is made 
alkaline with barium hydroxide, and then is saturated with carbon di- 
oxide. The solution, after filtration, deposits a double salt of bar- 
ium glutamate and l)arium bromide. 

2rOOH('HoCHoGH(NIb !IBr)C’()()H 2Ba(()H)2 

^ (CO()IK'IT,C’H,(’ll - (XIldf’OObBa-BaBro + (4HoO) 

Anslow luul King, Biochem. J., 21, 1175 (11)27) 53 


B:i«)II), 

Glutamic acid hydrochloride 1-2392 

Glutamic acid iiydrochloride is dissolved in water, the solution is made 
alkaline with barium hydroxide, and tlien is saturated witli carbon 
dioxide. 'Fhe solution, after filtration, deposits a double .salt of barium 
glutamate and barium ddoridi'. 

2 COOIl('IR'H-.C'II(Xll 2 )IK ’l ■('()< >11 + 2Ba(()llb 

-> (CG()IIC'H..C’lR’ll - (XH..)C()0)..Ba-BaCl.> + (dlloO) 


Anslow and King, Uiochein. •!.. 21, 117.> (1027) 


63 


Bad til),. 


Glutamic acid hydroiodide 


1-2393 


(ilutaniic acid liydroiodide is di.^solved in watt'r, tlic solution is made 
alkaline witli l)arium hydroxide, and then is saturated with carbon diox- 
ide. Tlie solution, after filtration, deposits a double salt of liarium glu- 
tamate and barium iodide. 

2('001ICH..('Il..CTI(Xll,.in)G()()H + 2Ba(()H)2 

— (4H/)) + (('()()II(’Il2C’H2riT(XH^’()())3Bai^I-> 

Anslow and King, liiorhoin. .1.. 21, I17li (1027) 


53 


Ba«)ll)j 


Heptanoic acid 


1-2394 


An excess of a solution of i)ariuni liyilroxide is add(‘d to lieptanoic acid 
and the excess barium removed I>y passing in ( O-j. the solution filtcied 
and concentrated. Vpon cooling, (-rystals of barium hc])tanoat(' pre- 
cipitate. 

2(’H3(C'H.>)5G00H + BafOIHj (G:Hi.tG 2 ) 2 Ba + ‘ill.O 

Th. Mehilis, Ann., 186, 304 (1877) 


'0 
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Ba(OH)2 

Heptylacetic acid 1-2396 

Heptylacetic acid is warmed and neutralized with barium hydroxide. 

The excess barium is removed by passing a stream of carbon dioxide 
through the solution until no more precipitate forms. The solution is 
filtered and cooled. Crystals of barium heptylacetate separate. 

2CsH, 7COOH + Ba(OH)2 -> (C8Hi7COO)2Ba + 2H2O 
F. Jourdan, Ann., 200» 110 (1880) 


Ba(OH)2 

p-Nitro-monobromo-cinnamic acid 1-2396 

p-Nitro-monobromo-cinnamic acid is dissolved in a solution of barium 
hydroxide and the excess barium removed by passing carbon dioxide 
through the solution. The solution is filtered and the filtrate concen- 
trated over sulfuric acid. Crystals of barium-p-nitro-monobromo- 
cinnamate separate. 

2C6H4N02C2HBrC00H + Ba(OH)2 

^ (C6lI,X03C2HBrC00)2Ba + 2 H 2 O 

C. Muller, Ann.. 212, 136 (1882) 


Ba(OH)2 

Sarcosine hydroiodide 1-2397 

An aqueous solution of sarcosine hydroiodide is boiled with excess 
barium hydroxide. The mixture is treated with carbon dioxide and 
filtered; when concentrated, the solution precipitates disarcosine bar- 
ium iodide dih}’’drate. 

(a) 2C'll2(NHCH3)COOH-HI -f 2Ba(OIl)2 

-> ([CH2(NHC’H3)CO()l2Ba) -fi Bal. + (4H2()) 

(b) (CII.>(NHCIl3)CO())2Ba + CO. -f H.O 

— 2(CH2(NHCH3)C’OOH) -h BaCU 

(c) 2CH2(Xncn3)COOH + Bal. + 2H2O 

->( CH2(XHCH3)COOH)2-Bal2 -21120 

Anslow and King, Biochem. J., 22, 1256 (1928) 55 
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Ha(0H)2 

n-Valeric acid 1-2398 

n-Valeric acid is saturated with a solution of barium iiydroxide and the 
excess barium removed by passing in carbon dioxide. The solution 
is filtered and concentrated until crystals begin to form. Crystals of 
barium n-valerate are formed. 

A similar reaction 00001*8 when this reagent is treated in a similar man- 
ner with calcium hydroxide. The calcium salt crystallizes with one 
H2O. 

2C4H9COOH + Ba(OH)2 ^ (C^H9COO)2Ba + 2H2O 

A. Kehrer and B. Tollens, .A.nn., 206, 241-2 (1881) 20 


Ba(0H)2*8H20 

HCIO 4 + N 2 H 4 H 2 SO 4 1-2399 

Hydrazine diperchlorate is formed when barium perchlorate, produced 
by interaction of barium hydroxide and perchloric acid, is treated with 
hydrazine sulfate. 

(a) Ba(0H)2-8H20 + 2HC10, Ba(C104)2 + lOH.O 

(b) Ba(C104)2 + N2H4 H2SO4 N..?l4-2HC104 + BaSO^ 

J. W. Turrentine, J. Am. Chem. Soc., 37, 1109 (1915) I 


BaO. • 8 H 2 O 

1-2400 

Barium dioxide octahydrate when heated .slowly to temperatures not 
above 130 °C. loses the water of hydration, forming a white powder. 

Ba02-8H2() Ba02 + 8H2O 

Em. Schone, Ber., 6, 1174 (1873) 


H 2 S 04 


Ba(OC 2 H 5)2 


1-2401 


If a solution of sulfuric acid (or soluble metal sulfate) in glycerine is 
carefully neutralized with barium ethylate, a stable colloidal solution ot 
barium sulfate is obtained. 


Ba(OC 2 lU )2 + H 2 SO 4 ^ BaS04 + 2 C 2 H 50 n 
A. Recoura, Compt. rend., 146, 1274 (1908) 
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BaOo-SHoO 

H 2 SO 4 1.2402 

Barium peroxide oetahydrate reacts with dilute sulfuric acid to form 
hydrogen peroxide and barium sulfate. 


BaOrSITO + H 2 SO 4 

Julius Thomsen, Ber., 7, 7-1 (187-1) 


BaSO^ + H 0 O 2 d- 8 H 2 O 


11 


BalV)r, 

H--SO, 1-2403 

Ihirium metaphosphatt' in the form of a fine powder is treated with 
sulfuric acid (d = 1.105) for 10 days. The filtrate from the barium sulfate 
jn’oeipitate contains metaphosphoi-ic acid. 

BaIV)f. + IbSO, BaSO, -f 2}lP(h 


V. Warsclniuer, Z. anorg. diem.. 36, 1.'17 (1008» 


28 


A 


HaPtO.r lH.>n 


1-2404 


On heating barium platinatc tetrahydrate lo 30()A'., three molecules of 
water are lost, forming barium i)latinate monohydrate. 

]hiPio,--iii:>() — H:iPto.vir.o + ;Bf,o 

II. Topsoe, Bt'r., 3, 105 fis7ni 


11 


MaPtlCX), 

Ce(SO .,)2 I_2406 

When the calculated (luantities ol barium jdatinocyanule and ceric 
sulfate are mixed together in a(iU(‘ous solution, ceric platinocyanidc 
ciTstallizes out. 

CefSO^)-. + 2HalM{(’X), -d V(I>t(CX),l: + f2BaS()d 
L. A. Levy. J. Cliem. Soc., «Lomloni, 93, 14.’>0 (1008) 57 


BaPf(CX), 

H.CO, 1-2406 

Platinocyaiiic acid may be prc'pareil l)y passing carbon dioxide through 
a solution of barium platinocyanirle. 

BaPtfCXb + IBCtb— BaC ()3 + H.PtfCX), 


U. J. Friswell iirid A. .1. Grcciuovay, .1. Cliein. Soe. (London), 32, 252 (1877) 


13 
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I 2 

Br. 


liaPt(CN) 


1-2407 


When u solution ol pure barium platinocyanide is treated with iodine 
solution, barium periodoplatinoeyanide is produced. This compound, 
boiled with excess bromine, forms the i>erbromoplatinoeyanidc. 

(a) HaPt(('X), + I, HaPt(C’X)j 2 

(1)) HaPt(CX)4l:! + Hr, — HaPtlC’XbHr, + I> 

L. A. Levy, J. Chein. Soc. (Lomlunb 101, lOSl (1‘J12) 57 


HaPt(rX), 

MgS04 

Magnesium sulfate and barium platimx'yanide react to form magne- 
sium platinocyanide. 

IhiPt(CX), + MgSO, -> .MgPt((^X)., -h (HaSth) 

L. A. Low, J. C'liom. Soc. iLoiuloiO, 93, HoG (190S) 


1-2408 


57 


PaPl(('X)4 

N2HrHoS04 

K(iuivalent t|uantities of hydrazine sulfate and barium platinocyanide 
when mixed yield hydrazine platinocyanide. Ued crystals, containing 
water are formed upon spontaneous evai)oration ot the solution. Tlie 
crystals lo.se water at 2S°, becoming white. A similar reaction occurs 
when hvdroxvlamine sulfate is used as reagent, lliese crystals are 
very soluble and contain two molecules ol water. 

(X.H,H.S(), + HiiPt(('X), + 311,0 

— X,H,H,l>t(('X),-3H.,0 + IJaSO, 

Lov}’ and Sisson, .1. C’licin. S<n'. (London), 89, 12.3 (1000) 


1-2409 


I0!t 


1-2410 


HaPt ((’X), 

(NH2)2H2S0,, 

Solutions of hydrazine sulfate and l)arium platinocyanide react to form 
hydrazine platinocyanide. 

BaPt((’X), + fXllA.IbSO, d- 3lld> 

-> (XIl-j)dh.Pt(C’X)r3n,() + BmSO,') 

Levy and Sisson, .J. C’licin. Sor. 'Lomloni, 89, 12.3 (IIKM)) 
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BaRu04 


1-2411 


When barium ruthenate is treated 
obtained. 


with chlorine ruthenium tetroxide is 


BaRuO^ + CL -> RUO4 + (BaCb) 

II. yainte-C’ljiire-Deville and H. Debraj', 

Kef., A. Hrnningcr, Ker., 8, 339 (1875) 26 


BaS 

C 1-2412 

COo 

Barium carbonate may be obtained easily through reduction of barium 
sulfate with carbon and treating of the sulfide with carbon dioxide: 

(a) BaSO^ + 2C ^ BaS + 2 CO 2 

(b) BaS + COo -h HoO -> BaCO.3 + H 2 S 

V. Gerber, Z. KIcktrochem. 25, 205 (1919) S6 


BavS 

CO 2 + HnO 1-2413 

( arbon dioxide is passed into a solution of l)arium sulfide. 

fa) 2BaS -f ('(L + HoO ^ BaC'O., + Ba(HS)o 

fb) 2HaS + 2C’Oo + 2HoO -> 2BaC0 3 + 2 H 2 S 

Kiviere, Hull. Soc. Miilh., 36, 438 (1866) 26 


HCl 



Barium sulfide reacts with lu'drochloric acid. 

BaS + 2HC’l ^ BaCIo IBS 
H. Toussuiut, rind. Chim., 6, 250 (1918) 


1-2414 
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BaS 

HNOs I_24i6 

Barium sulfide reacts ^vith nitric acid. 

BaS + 2HNOa Ba(N 03)2 + HsS 

W. 0. Snelling, U. S. Pat. 1,285,824, Nov. 26 (1918) 25 


BaS 

HoO 1-2416 

The hydrolysis of barium sulfide is investigated : 

2BaS + 2 H 2 O -> Ba( 0 H )2 + Ba(SH )2 
E. Terres and K. Bruckner, Z. Elektrochem,, 26, 5 (1920) 86 


BaS 

H 2 SO 4 1-2417 


Barium sulfide may be transformed to barium sulfate by reacting it 
with sulfuric acid. 

BaS 4- H 2 SO 4 ^ BaS 04 + HoS 

M. Bussy and Buigne, Chem. News, 9, 74 (1864) lOi 


BaS 

NagPSrSHaO 1-2418 

Freshly precipitated barium sulfide reacts with hydrated sodium thio 
ortho-phosphate by gentle warming. 

3BaS 4- (NaaPSJs-SHoO Ba 3 (PS 4)2 -h SNajS 4- 8 H 2 O 

Ephraim and Rebecca Stein, Ber, 44, 3409 (1911) 25 


BaS 

SO 2 1-2419 

If a solution of barium sulfide or a finely divided suspension is added to 
j a solution of sulfur dioxide, barium sulfite and barium thiosulfate are 

formed. 

(a) 2BaS 4- 380. 2 BaS 03 4- 3S 

(b) 2BaS + 3 SO 2 -> 2 BaS 203 4- S 

S A. E. Wells, J. Ind. Eng. Chem., 9, 872 (1917) 


580 


EXCYC’LOPEDIA OF CHEMICVVJ. REACTIONS 




CH.CICOCH, 


1-2420 


Tlio action of barium tliiocyanatc on inonocliloro-acotone in alcoholic 
solution results in the formation of thiocvano-acetone. The reaction 
also takes place in absence of alcohol when the barium salt is intimately 
mixed with monochloroacetone. 


BafSCXV,-2fU) + 2(’H,('1(’0(’H, 

-- 2S('X('H,(’OC’H, + HaCh + 2 H 2 O 

llelloii and Tsclicrniac. 16, 3-t9 flSS8i 
Hef.. Tsfhorniac, Bcr., 25, 2623 (1892) 

Kef., Tsclierniac, J. Chem. 80c. (London), 116, 1071 (1919) 48 


AI2O3 


BaSOi 


1-2421 


Reaction between barium sulfate and 
lOOO^'C, and complete above 1238'^('. 
formed is water-soluble and sulfur-free. 


alumina is api)reciable above 
The mono-barium aluminate 


BaS 04 + Al-A ^ BafAKj,). + SOa 

H. 8. Bootii and K. Ward, J. Piiys. Clicni., 36, 984 (1932) 
Kcf.,P. K. Hershman, V. S. Pal.. I.2l().")72. Sept. 1$ (1017) 
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25 


MaSO 


BaS 


1-2422 


When barium sulfate and l)arium sulfide ar(‘ heated with coal in an 
(‘lectric furnace, barium oxide is produced. 

BBaSO^ -h BaS ^ 4Ba() + dSO. 

T. II. Norton. J. Ind. Kiifi. Clioni.. 6, 704 (1913 1 


22 


BaSO, 


1-2423 


When barium sulfate in a filter paper is ignited, ai)prcciablc amounts, 
(‘ven as high as 10^^ of the sulfate may be reduced to the .sulfide. 

(BaSOt + 4C' ^ HaS + 4('()) 

S. F. Acrco. J. Biol. Clicin.. 1, 136 (1905) 


88 


JURIUM 
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Ba80.i 

Barium sulfate is heated with carbon in an electric furnace at 1000° 

BaSO^ -f- 4C -»• BaS + 4C'0 

A. E. Wells, J. Iiul. and Eng, Chcm., 8, 1770 (1916) 


1-2424 




BaSQ. 


1-2426 


^Vhen barium sultate is heated with coal at temperatures between GOO 
and 800°C, barium sulfide is protluced. At higher temperatures (equa- 
tion b) carbon monoxide is produced. 

(a) BaS 04 + 2(’ Ba8 + 2CO, 

(b) IhiSO., + 4C’ 4C'0 + Ba.S 

T. H. Norton. J. IiuL Eng, Chcm., 6, 704 (1913) 


07 


Ji 


HaS( ), 


CHCl: 




1-2426 


Anhydrous l)ariuin chloride is produced when anhydrous l^arium sulfate 
is heated in a current of drv carbon dioxide and chloroform at 500°. 

3 BaS ()4 + 2 (’IK*l 3 — 3HaCl, + (^SO^ + 2('() + H.O.) 

CuiuUichc, Conipt. ivnd. 168, IIHU 

Ucf., J. L. IIouv, J. Am, CluMu. Soc.. 37, .>1<S (191.5) 


I 


MaS( >4 


CaCl-> -f- C 


1-2427 


Barium sulfate is fuseil with a mixture of calcium chloi’ide and carbon. 

BaSO, + CaCb + 4(' ^ Ha(’b + C’aS + 4('() 
D’Heureuse, Pogg. .\nii., 76, 276 (ls|sj 


25 


& 


baSO 


Fe 


Barium sulfat<* is fused with iron. 

3B:iS() 4 1 M-’e -*;iBaS lKe,(), 


l)’IIcun‘U.s«\ Pogg- Ami . 76. Isis 


1-2428 
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BaSO* 

Fe203 + C 1-2429 

Barium sulfate heated to 950° with iron oxide and carbon yields bar- 
ium ferrite. 

BaS04 4- Fe^Oz + C -> B&iFeO^h + CO + SO 2 

Martin and Fuchs, Z. Anorg. Chem,, 126, 307 (1923) SS 


BoSOi 

H 2 SO 4 1-2430 

Barium sulfate is dissolved in cone. H 2 SO 4 and the yellow solution 
cooled. 

(a) BaS 04 + H 2 SO 4 ^ BaHg ( 804)2 

(b) BaH2(S04)2 + 2 H 2 O ^ BaH2(S04)2-2H20 

P. Rohland, Z. Anorg. Chem., 66, 206 (1910) B6 


BaS04 

K 2 CO 3 1-2431 

Barium sulfate dissolves slightly in a solution of potassium carbonate. 

BaS04 + K2CO3 BaCOa + K2SO4 

Rose, Fogg. Ann., 94, 482 (1855) £6 


BaS 04 

K2Cr04 1-2432 

The equilibrium of the reaction given below is studied. 

BaS04 + K2Cr04 ^ K 2 SO 4 + BaCr04 
M. Scholtz and R. Abcgg, Z. Elektrochem., 12, 425 (1906) 86 


BaS04 

SO 3 1-2433 

Barium sulfate reacts with sulfur trioxide to form barium pyrosulfate. 

BaS04 + SO3 ^ BaSaOy 

C. Schultz-Sellack, Ber., 4, 111 (1871) II 
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BaS04 


1-2434 


Barium and strontium sulfates are decomposed by heat only above the 
melting point of iron, about 1510®C. 


. (BaS 04 ^ BaO + SO 3 ) 

H. Mostowitsch, Metallurgie, 8, 763 (1911) 

Ref.: G. Marchal, J. Chim. phys., 22 , 325 (1925 ) 69 


BaS203 

AS 2 O 3 1-2436 

Arsenic trioxide reacts with a boiling solution of barium thiosulfate. 

SBaSsOa + AS 2 O 3 = 3BaS04 + As^Sg 

W. Thorn, Dingler’s Polytcch. J., 217, -195 

Uef., M. M. P. M., J. Chem. Soc. (London), 29, 517 (1876) 25 


BaS203 

CUSO 4 1-2436 

Barium thiosulfate reacts with copper sulfate to give a solution of cup- 
rous tetratliionate. 

2 BaS 203 + 2CuS 04 ^ C'U2S406 + 2BaS04 
G. Chancel and E. Diacon, Compt. Rend., 66, 711 (1863) 29 



Ba(S03l-')2 

Barium fluosulfonate is decomposed by heating. 

Ba(S 03 F )2 ^ BaS04 + SO 2 F 2 

Troube, Hocrcnz and WondcHck, Her. 62, 1272 (1919) 


1-2437, 



ihiSoOjlloO 

I, 1-2438 

The reaction of l)arium thiosulfate with iodine in solution serves as an 
excellent method for standardizing an iodine solution. 

( 2 BaS -.03 + I 2 -> Balo -f BaS406) 

Plimpton and C’liorlev, J. C’licm. Soc. (London), 67, 314 (1S95) ^05 
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BaSoOfi 

CaCOa 1-2439 

H 3 SO 4 


C’alciiiin strontium and lead dithionates are prepared by treating their 
carbonates with dithionic acid. Dithionic acid Ls prepared by adding 
sulfuric acid to barium dithionate. 


(a) BaSoOo + H 2 SO 4 BaS 04 + HoSsOe 

[h) H 2 S 2 O 6 + CaC’Oa -> C’aSoOe 4- H.O + CO. 


Rose, Xcu. Jahrb. Min. Gcol., 29 , 89 (1910) 

Ref.: Barnes and Helwig, Can. J. Research, 4, 567 (1931) 94 


l^aSsOe 

K 0 SO 4 1-2440 

If solutions of potassium sulfate and barium dithionate are mi.xedand 
wamied, barium .sulfate is precipitated and the dithionate obtained b}' 
evaporation of the solution. 

BaS,,()c + K.,SO, KnS.(), -h BaS 04 

Rose, Xcu. Jahrb. Min. Gcol., 29, S9 (1910) 

Ref.: Barnes and Ilohvig, Can. J. Research, 4, 567 (1931) 94 


MaSJ ),; 


K2SO4 


1-2441 


• Potassium dithionate or llie acid is foiincd when si solution of barium 
dithionate is treatcrl witli potassium sulfate or ililute sulfuric acid. 

IhiSJIfi + Iv.S<), — lvjS,(),i + (BaS() 4 ) 

Yost and I’oincrov, J. .\m. CIkmu. Snr., 49, 701 i|927i 



MaS-.( ),: 


1-2442 


Barium dithionate decompo.ses 

1S0°. 


when heated in a .sealed tube to 150 • 


[iaS.Oe ' HaSt)4 S( b 
Gornug and Henderson, .1. Am. C'lu-m. .Sue., 46, l!>7s 
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HaSoO; 


1-2443 


liariuni pyrosulfate in the presence ol fuminj*; sulfuric acid breaks down 
into barium sulfate and sulfur trioxide. 

BuSoOt BaS04 + SO 3 

C. Schultz-Scllack, 

Hcf., Guzz. chiin. ital., 1, 101 (1871) 


21 


l^aSoO, 

Ba(N03)-. 

If barium persulfate is reacted with barium nitrate and water 
products yielded are barium sulfate, nitric acid and oxygen. 

2HaS208 + 2Ba(NO.,)2 -f- 2IU) ^ 4Ha8()4 + 411X03 + O2 

(Jreon siiul Miisson, .1. Clicm. Soc. (London). 97, 2003 (1010) 


1-2444 

the 


103 


BaS2()s 

HoO 1-2446 

If ))arium persulfate is treated with water the products formed are 
))arium sulfate, persulfuric acid and oxygen. 

4BaS2()s + 2FU) 2Il2S..()8 + 4HaS()4 -j- O. 


Green and Masson, J. Chem. Soc. (London). 97, 2080 (1910) 


103 


BaS2( )h 

H2SO4 1-2446 

IVrsulbiric acid is prepared l)y adding sulfuiic acid to barium persidfate. 

BaS^Os + Il^SOt — BaS()4 -b IIjSoOs 


.1. Green and G. Masson. .J. Ghein. Snc. (Londoni. 97, 2080 (1910) 


57 


A 


ILaSoOs-HoO 


1-2447 


The tetraliydrated barium sulfate ( BaS-jt )„-4ll2<)} is prepared by 
treating a saturated solution of ammonium persulfate with IhifOTI)- 
and evaporating ■ in vacuum.” now(‘V(M-. if the saturated solution 
is treated with an excess of alcohol and evaporated the monoliydrate is 
obtained; whicli loses its water of hydration upon gentle warming. 

BaSoOs-lIA) -h A BaS,.(). + IM) 

H. Marshal). .1. Cliein. Sue. (Lond.ai). 69. TTa (ISOI / 
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BaSeOs 

O 2 • 1-2448 

Barium selenite is oxidized at 700-750° to selenate. 

2BaSe03 + O 2 — > 2BaSe04 

Lenher and Wechter, J. Am. Chem. Soc., 47, 1523 (1925) 1 


BaSeOi 

Hs 1-2449 

Barium selenate is reduced by hydrogen at 500°. 

BaSe 04 + dH. BaSe + 4HoO 

Henglein and Roth, Z. auorg. Chem., 126, 227 (1923) 2S 


BaSe 04 

H 2 SO 4 1-2460 

Selenic acid is formed when barium selenate is suspended in water and 
treated with dilute sulfuric acid. 


BaSe()4 -f H.S()4 H.,Se04 -f BaS04 


Lciilier and WeclUcr, .1. Am. C'hcin. 47, 1523 0 925) 


/ 


MaSe< >4 

(NHOiiCOa 1-2461 

Baiiuin carbonate precipitates and ammonium selenate crystallizes 
from solution when barium .selenate is treated with ammonium carbonate. 

BaSeO., + (XH4)3('0, BaC’Oi + fXHdoSeO., 

Matlxns and .1. .\!n. Sue., 33, 705 (1911) / 


BaSiFr, 


NaOH 


1-2462 


Barium fiuosilicate is converted, by dilute .sodium hydroxide, into sili 
con hydroxide, barium Huorido, and sodium fluoride. 

BaSilv, + 4XaOH ^ IhiF, + 4XaF + SifOH)., 

Carter. Ind. En;;. (’horn.. .Vnal. Ed., 3, 1 10 (1931 ) 


Hi 
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BaSiFfi 

A 1-2463 

Barium fluosilicate decomposes at red heat giving silicon tetrafiuoride. 

(BaSiFe ^ SiF 4 -j- BaFa) 

A. Jaquerod and M. Tourpaian, J. Chim. phys., 11, 3 (1913) 69 


Ba 2 l 04 

H 2 O 1-2464 

Barium periodate is treated with water. 

lOBa^IOj 4I'l2() — > 4Ba(OH)2 SBal-j -|- 5Ba5(I06)2 

C. F. Rammelsberg, Pogg. .\nn., 137, 315 (1869) 25 


Ba2l2^^t 

A 1-2466 

Barium dimesoperiodate decomposes at red lieat fonning barium para 
periodate, oxygen and iodine. 

l()Ba2l20a — > 4lhi5T20io + filo 2102 
C. Rammcisburg, Her., 1, 132 (1868) 


Ba2Hu(('N)r. 


K,Ru(CN) 


1-2466 


Barium potassiiim rutlieno-cyanide is i)reparod l)y mixing eciuivalent 
solutions of the barium and pota.ssium salts. 

K,Uu(('N) 6 + Ba2Ku(('X)6 + bll.O 2(K2BaHu(C’N)6-3H20) 

Howe :»iul Canipbell, J. Ain. (’hem. 18oe., 20, 30 (ISOS) 


HoO 


Ba2Si04 

Barium ortho.silicate liydrolyzes. 

Ba2Si()4 + HjO-^ BaSiO^ + Ba(On)2 

C. Deguidc, Brit. Pat. 110,537 (1917) 


1-2467 


25 


HoO 


Ibirium nitride is decomposed by water. 

Ba 3\2 + HIM) ^ 3Ba(()H)2 + 2 X 113 

Maquenne, Coinpt. rend., 114, 220 (1892) 


1-2468 


25 
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ENCYCLOPEDIA OF CHEMICAL REACTIONS 

1-2469 

Periodic acid is formed when Imrium periodate is treated with concen- 
trated nitric acid. 


+ ()HX03-> (HI(h),-2H.>() 3Ba(X(),)2 + (2H2O) 

Williird and Thompson, J. Am. Cliem. Soc,, 56, ]828 (193-{) 


Ba.fPO,), 

K:SO, 1-2460 

Solutions of barium trimetaphosphate and potassium sulfate are 
mixed, the l)arium sulfate filtered off, and the solution yields anhydrous 
crystalline potassium trimetaphosphate. Ammonium trimetaphos- 
phate is made similarly. 

fa) IWP(>.i)6 + ^K^SO, -> 31htS<) . + 2I\3(P()3), 

(1)) nn,(?(h), + 3fXIb).,S(), ^ 3I^S()4 + 2fXIb)3fP()3), 

(’. (’ 1 . Jaridlioin, Acta I'niv. bund.. 10, Part 2. Xo. 7, 14 (1873) jo 

Ba:H,>fI\><):), 

NaiPjO; 1.2461 

The 7:2:4 barium hydrogen pyrophosphate boiled several hours in 
normal sodium pyrophosphate solution yields crystalline powdered 
*i»2* diiittd iiiinim h\ ilio^i ‘11 pyrophosiiiiate. 

oHaTH^fJV):)! + Xa,P/): + 3!U1,() 

7|Ba,Il2(lV)7).v5n2()| -1- fdXaOlf) 

('. .\. Paid, .\rk. Kcni.. Min.. (Icol.. 2. I’.-irt 6, 3 (IflOoi in 


Ba,Il,nV);), 

NajPoO; 1.2462 

Th(‘ !):2:5 barium hydroKcn pyrophosphate on standinj!; in a normal 
sodium jjyi-opliosjdiate .‘Solution, or on beiiiir boiled with it, yields the 
crystalline pentahydrated 7:2:4:r> barium hyrlroiren pyrophosphate. 

7 Ha 41 dIV) 7 ):. + XadVb t- IblljO 

- 4 f (XaOll) 


('. X. Paid. Ark. Kian.. .Min., (iced.. 2, Part (>. 2 MOOoi 


to 


BERYLLIUM 

Be 


Br 1-2463 

Beryllium is heated to a low temperature in presence of hromim' \ apor. 

Be + Br-. — ♦ BeBio 

Pogg. Ann., 13. 577 (1820) ^5 

Ref., A. Atterberg, K, Sv. Vet. Akail. Haiull., 12, 16 (1873) 10 


Be 


1-2464 


A mixture' of beryllium and sugar charcoal is heated in an electrie 
furnace. 

2Be + C -> BeaC’ 

Lebeau, C’ompt. rend., 121, 40G (1895) 


:25 


Be 

Hg(C2H5)-> 1-2466 

Finely divided beryllium is heated to 130-140® with mercury ethyl. 

Be + — * Be(('2H5)^ + Ilg 

Cahours, Jber. (1873) p. 520 


B( 


I2 


1-2466 


Bervlliuin and iodine unite ilirt'ctly to loiiii b(*ryllium iodide 

IV -f 1, ‘ B(*l,. 

.\Uet'berg, K. Sv. \ Cl . .Vkinl. Ilaiidl , 12, 16 ilS73i 


10 
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Be 


1.2467 

Beryllium reacts with potassium amide dissolved in liquid ammonia to 
form an opaque solution containing potassium. This reacts with the 
solvent to fonn potassium amide and this salt dissolves the beryllium 
amide to form potassium ammono beiyllate. 


(a) 

Be + 2KNH2 - 

> Be(NH2)2 “h 2Iv 

(b) 

2 K + 2NH3 - 

2KNH2 + Ho 

(c) 

Be(NH2)2 + KNH2 - 

^Be(NH 2 )NHK.NH 3 


F. W. Bergstrom, J. Am. Chem. Soc., 60, 653 (1928) 


Be 

MgO I_2468 

Beryllium reduces magnesium oxide at 1900^. 

Be + MgO BeO + Mg 

Fichter and Brunner, Z. Anorg. Chem., 93, 8-1 (1915) 26 


Be 

NHg 1-2469 

Beiyllium is heated to 1000° in an atmosphere of ammonia. 

3Be -f- 2 NH 3 — > BeaXo H- 31L 

Fichter and Brunner, Z. anorg. C’l»em., 93, 84 (1915) 26 


Be 

NH4Br 1-2470 

Ammonobasic beryllium bromide is formed when a li(piid ammonia solu- 
tion of ammonium bromide is poured upon metallic l)ervllium. 

3Be + 4 XH 4 Br + OXH3 — > (BeBi'L-)'- Be(XII.,)o- 8 XH 3 + .3IL 
F. W. Bergstrom, J. Am. Cliem. Soc., 60 , 0.59 (192S) / 
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Be 


NH4CI 


1-2471 

Beryllium chloride tetrammoniate is foi*med when beryllium is dissolved 
in a solution of more than two equivalents of ariimonium chloride in 
liquid ammonia at —40°. When heated in a vacuum at 210-255° the 
diammoniate is formed. 

(a) Be + 4 NH 4 CI BeClr4NH3 + 2HC1 + H 2 

(b) BeCl2‘4NH3 BeCl2(NH3)2 + 2 NH 3 

F. W. Bergstrom, J. Am. Chem. Soc., 60, 657 (1928) 1 


Be 


Bei*yllium is heated with sulfur to 1300° in a vacuum. 

Be 4- S ^ BeS 

Mielteiner ami Steinmetz, Z. Anorg. Chem., 82, 92 (1913) 


1-2472 


£6 


1-2473 


Be(Be(0H)2)3C03 

(NH4)2S04 

Beryllium sulfate is formed when basic beryllium carbonate is boiled 
with ammonium sulfate. 

Be(Be(0H)2)3C03 + 4(NH4)2S04 4BeS04 + 8NH3 + TH.O + CO2 

C. L. Parsons, J. Am. Chem. Soc., 26, 724 (1906) ^ 


o 


BeBra 

Beryllium bromide is heated in moist air. 

2BeBr2 + O 2 — > 2BeO 4- 2Br2 
BeBro 4- H 2 O ^ BeO + 2HBr 


(a) 

(b) 

I. Guareschi, Atti. accatl. sci. J., 49, 834 (1914) 


1-2474 


26 


Na2C4H406 1 - 24.75 

When solutions of tartrate of beryllium and of sodium are mixed and 
evaporated crystalline crusts of the double tartrate of beryllium and 
sodium, probably anhydrous, are iormed. 

BeCMLClG 4- XasChlLOc ^ (BeC4ll4O6-Xa2C4H406) 

A. AtlcrberK. K. 8v. Vet. Akatl. Ilandl. Ofvcrs.. 30, Xo. 4, 85 (1873) 


10 
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HCOOH 


BeCOj 


Beryllium carbonate dissoh'es in formic acid (50-90°) 

BCCO 3 + 2HCOOH (HCOO) 2 Be + H.O + CO. 

S. Tanatar. Ber., 43, 1230 (1010) 


1-2476 



BeCOs 


HC2H3O 




1-2477 


Beiyllium carbonate is heated to 140° with acetic acid and acetic an- 
hydride in a sealed tube. 


BeCOa -h 2HC2H3O2 ^ Be(C2H30..)2 4 - ILO + CO2 


I’rhaii and Lacombe, Compt. rend., 134, 712 (1002) 



BeCOa 


H2C4H4O6 


1-2478 


BeiTllium carbonate, dissolved in an equivalent weight of tartaric acid 
and evaporated to a syrupy consistency, forms small microscopic crys- 
tals of the trihydrated beryllium tartrate. 

BeCOa + ILCJLOe + 2 H 2 () — * BeCJ !,()«• 3 H.O + (CO.) 

A. Attcrbei-K, K. Sv. ^■pt. Akad. Ilandl., 12. 37 nS73) 


10 


BeC< ): 


3 


HCl 


1-2479 


Beryllium carbonate dissolves in hydrocldorie acid, foiming beryllium 
chloride. 

BeC 03 + 2IICi — BeCI, -j- (CO, + IM)) 

J. K. ^^(>od, .J. C-’liein. Soc. (I.ondonh 97, SSI 0010) 


57 


BeC( h 


H 2 Cr 04 


1-2480 

.V warm concentrated s(jlution ol chromic acid is maitralized bv bervi- 
hum carbonate and tlie solution evaporated. 

Ih-CO, -1 ll,(’r(.b + fl,() > BrCt 04 ll,() f il,C(>, 

H, ( das.siiiatiii. Hit., 40. 2(5112 (1007) 


beryllium 
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HrC(L 

HsSeO^ 1-2481 

l^ciyllium carbonate, clissohed in an (‘xcoss of selonic acid and evap- 
orated fii'st by heat and tlien over sulfuric acid, forms crystalline tetra- 
hydrated beryllium solenatc. 

BeCOs + d- 4Ho() BeSeOr dlld) + (Hd) + CO.) 

A. AUerbeig, K. Sv. Vet. Akad. Haudl., 12, 27 (1873) W 


BeCOa 

KIO 4 1-2482 

Wien beryllium carbonate is digested with a water solution of potas- 
sium iodate, beryllium periodate is obtained. 

3BeC03 + 2 KIO 4 BenCIOsb -b KnVih + 2 (’ 0 ., 


Attorborg. K. Sv. Akad. Handl. 


(o> 12 nS73) 



BeCb 


AuCl 


1-2483 


Solutions of gold chloride and l)eryllium chloride, when mixed and 
allowed to crystallize on standing, form two distinctly different double 
gold beryllium chlorides, one containing one molecule of each chloride, 
tlie other containing an excess of gold chloride. 

(a) BeCb -h AuCI .3 AuCU BeCl, 

(h) (BeCl. + xAuCb — * (AuCDv-BeC’b) 

A. .Vltorbei’K, K. Sv. \ct. .\kad. Ihindl., 12, 10 (1S73) 


10 


HeCl, 

When an ether .solution of anhydrous beryllium chloi-ide is evaporated 
large, clear, hexagonal prisms .sei)arate. -diether beryllivim chloride. 

2((’dl5)-A> — HeCl,-2((\.M5)-*0 


A. Attcrberg, K. Sv. Akad. Hand!., (jfvery., 32, No. 7. 33 (I.S7o 


10 
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BeCL 

C iiHAN j_2485 

C12H10N2O2 

Beryllium chloride reacts with chinalizarine imine, yielding a precip- 

itate. The same type reaction occurs with naphthazarine ethylene 
diimine. 

(a) 2BeCl2 + C^HsObN + 12H2O 

CuH6O6NBe-Be(OH)2-10H2O + 4HCI 

(b) BeCh + 2C12H10N2O2 -f- 4H2O 

(Ci2H9N202)2Be-4H20 + 2HC1 

I. V. Dubsky, A. Langer and E. Wagner, Mikrochem., 22, 108 (1937) 28 



BeCb 


Beryllium chloride hydrolyzes. 

BeCb -f- 2 H 2 O Be(OH )2 + 2HC1 

Ley, Z. phys. chem., 30, 199 (1899) 


L2486 



BeCh 

HgCls 1-2487 

When solutions of beryllium chloride and mercuric chloride are mixed 
and evaporated to a syinpy consistency rhombic tablets of the 3 :2 dou- 
ble salt containing probably six molecules of water of hydration are 
formed. 

SHgCb + 2BeCl2 + GH 2 O (HgCl2)3-(BeCl2)2 GH20 

A. Atterberg, K. Sv. Vet. Akad. Handl., 12, 15 (1873) 10 


I 

Cl 


BeCb 


1-2488 


Dissolve 5 g beryllium chloride in 5 cc of water and 2 cc hydrocliloric 
acid (d = 1.19), add 13 grams of iodine. Pass a stream of chlorine gas 
through the solution. Needles of yellow color, iodine trichloride-beryl- * 
Hum chloride are obtained. 

Beds + I2 -f- SCb + 8H2O ^ 2ICl3-BeCl2-8H2Q 

R. F. Weinland and F. Schlegelmilch, Z. anorg. Chom., 30, 1.34 (1902j 28 
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BeCl2 

NH 3 1-2489 

Beryllium chloride is heated to 200*" in a scaled tube in the presence of 
ammonia. 

BeCh 4- 2 NH 3 BeCl 2 - 2 NH 3 

Mielteincr ami Steinmetz, Z. anorg. Clicm., 80, 72 (1913) ’ 


Beds 

(NsHOfflsCOa 

Hydrazine carbonate precipitates basic beryllium carbonate quanti- 
tatively from hot solutions of beryllium salts in the presence of ammo- 
nium salts. 

5BeCl> + 10N2H4-2H2CO3 

(Be0)5 C()2-5H!0 +10N..H4-HC1 + lOCOj + lOHjO 

A. Jilek and J. Kota, Chein. List., 24, 485 (1930) 


BeCb 

NH4OH 

Beryllium chloride in solution is trcatetl with ammonium hydroxide. 

BeCh 4- 2 NH 4 OH — * Bc(()H )2 4- 2NILC1 

M. Buchner, U. S. Pat. 1,337,191 
Ilef., Z. anorg. Chem., 80, 72 (1913) 


1-2491 


25 


BeCh 

1-2492 

NH4OH 

Beryllium hydroxide is precipitated from beryllium chloride solution 
by addition of ammonia. 

BeCb + 2 XH 4 OH — >■ Be(OHh 4- 2 NH 4 CI 

.1. K. Wood, J. Chciii. Soo. iLoudon), 97 . 883 (1910) 


57 
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Bed, 


1-2493 

Ammonium hydroxide precipitates from a beryllium chloride solution a 
compound composed of three molecules of heiyllium hydroxide united 
to se^•en molecules of water of hydration, from which all the water of 
hydration may be expelled by heating to 100°, leaving Be(OH),. 

3BeCb + GNILiOH + 7H,0 (Be(OH),) 3 -711,0 + (6NH,CI) 

A. Atterbcrg, K. Sv. \>t. Akad. Ilandl.. 12, 11 (187.1) /o 


Bed 


Na 


Beryllium chloride is heated in a closed iron crucible with sodium. 

BeCb + 2Xa Be + 2Xad 

Xilson and Petterson. Her.. 11, SSI (1H78) 


1-2494 






Na.HPO^ 


1-2496 


Solutions of beryllium chloride and disodium orthopho-sphatc react 
and the solution is concentrated. 

BoClj -h Xa-HPO, + » HellPOi-SHoO + 2XaC’I 

Selieffer. 109, 144 (1851)) 




Bed.. 


NanPO 


1-2496 


Solutions of beryllium chloride and trisodium ort hophosphate niv added 
together and concentrated. 

3Bedo + 2Xa.3pOi + Be:,(P().,)2-4Il2() + (iXaCl 

Scstini. (.lazz. cliim. ihd.. 26, 818 (IMIOt 


J/ 


Bed 


PdCl 


1-2497 


AVhen a mixture of lieryllium chloride and palladium tetrachloride is 
concentratc'd over sulfuric acid, a doubh' salt is formc'd. 

lied, 4- Pdd, -f sn,() BcIMdi;-8n,() 

.\. \\\4i<ow. Her., 7. 8.S ils74) 


// 


BKUYLT.IUM 


G03 


BeCU 

PtCl4 1-2498 

Beryllium chloride forms a double salt with platinic chloride when solu- 
tions of the two are mixed and concentrated. 

BeClo + PtCb -I- GHoO BeCb-PtCM^-OH.O 

Julius Thomsen, Her., 3, 827 (1870) H 


BeC’l, 

PtCb 1-2499 

When concentrated solutions of beryllium and platinic chlorides are 
mixed a double salt is formed. 

Ih'C'lo + PtCU + 8Ho() ^ BePtCMfi-SIbO + CU 


A. Wclkow, Her., 6, 1288 (1873) 


11 


BeCn., 


I-2B00 


Beryllium chloride is heated stronj^ly with sulfur. 

BeC'l, + 3S BeS + (S.C’l,) 

Mielteiner and Slcinmeiz, Z. auorg. cliem.. 82, !)2 (1013) 


25 


Bccn, 


1-2601 


Sohitions of various beryllium salts in various organic solvents in gen- 
eral yield gelatinous, colloidal substances upon electrolysis suggest- 
ing the impractical separation of metallic beryllium in this way. Pure 
deposits of metal are obtained Uy (dectrolyzing li(iui(l ammonia solu- 
tions of the cblorido <u' nitrate. 

Hc('l-: -f- 2(11:0) Ih‘(OH)'j + 2H('l 

2Bc('l-j 4- liXIbt — > 2Be + 4X11,01 (X-j) + (Hd 

II. S. Hooth and O. (I. Turrey, J. Hhys. (’Iumu., 36. 24!)5, 3120 (1031) 


85 
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Beds ■ PdCU 


1-2502 

Beryllium palladic chloride on heating evolves chlorine and leaves beryl- 
lium palladous chloride in solution. 

BeCh-PdCh + GHsO^BeCU-PdCh-GHoO + Ch 

A. Welkow, Ber., 7, 804 (1874) ,, 


H2O 


BeCr04 • H 2 O 


Hydrated beryllium chromate hydrolyzes. 

7BeCr04-H20 + 5 H 2 O — > BeCr04*6Be(0H)2 + 6 H 2 Cr 04 

B. Classman, Ber., 40, 2602 (1907) 


1-2603 



BeF2«(NH4)2F; 


A 


1-2604 


Beryllium ammonium fluoride is heated in a stream of carbon dioxide. 

BeF2(NH4)2F2 + A ^ BeF. -f- 2NH3 + H.F. 

Lebeau, Compt. rend., 126, 1418 (1898) 


26 



(NH4)2BeF4 


1-2606 

(NH4)2BeF4 is heated to 240 ° in a current of dry carbon dioxide. The 
temperature is then slowly raised to 400 °. 

(NHdsBeFj 2NH4F + BeF2 

A. V. Novoselova and M. Y. Averkova, J. Gen. Chem. (U.S.S.R.) 9, 1064 (1939) 60 


BeUPOi 

NH 4 OH 1-2606 

Beryllium acid orthophosphate is dissolved in hydrochloric acid and the 
solution neutralized with ammonium hydroxide and then boiled. 

BeHPO, + NH40H ^ BeNH4P04 + FLO 

Rossler, Z. anal, chem., 17, 148 (1878) 


BERYLLIUM 
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BeL 

C 2 N 2 1-2607 

Beryllium iodide is heated in a stream of cyanogen. 

Belo + 2 C 2 N 2 Be(CN )2 + (2CNI) 

Lebeau, Compt. rend., 126, 1272 (1898) 


Bel. 


NH: 


1-2608 


Beryllium iodide absorbs ammonia 


BeL + 3NH3 BeL'SNHo 


Lebeau, Compt. rend., 126, 1272 (1898) 


S5 


Be(N03)2 


KsCrO, 


1-2609 


A precipitate is formed when a solution of beryllium nitrate is mixed 
with a 0.25 M. solution of potassium chromate, (a). The precipitate is 
hydrolyzed by washing (b): 

(a) (Be(N 03)2 + K 2 Cr 04 BcCi 04 + 2 KNO 3 ) 

(b) (BeCr 04 -f 2 H 2 O Be(OH )2 + H 2 Cr 04 ) 

P. E. Gagnon, L. Cloidier and U. Martineau, Can. J. Res., B19, 179 (1941) 


69 


BeCNOs) 


KHCO3 

Beryllium nitrate solutions foi-m stable compounds when treated 
with potassium bicarbonate or ammonium carbonate: 

(a) (Ik'CNOa)-. + KHC<)3 BeC 0 3 + KNO 3 + HNO 3 ) 

(b) (BeC.'Os + ILO Be(OH )2 + CO 2 ) 

C. L. Parsons. J. Ain. Clicm. Sot-.. 26. 721 (1904) _ 

Ref.: P. E. Gagnon. I.. Cloutier and R. Martineau, Can. J. Research, B19, 1/9 


1-2610 


(1941) 


60 
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Be(N03)2-3H20 


NasHPO 


1-2611 


Hydrated beryllium nitrate in solution reacts with disodium ortho- 
phosphate in the presence of acetic acid. 

3[Be(X0.3)2-3Ho01 + 2Xa2HP0, 

B^P04)^H20 + 4XaX03 + 2 HXO 3 + SHoO 

Bleyer arid .Muller, Z. anorg. chem., 79, 263 (1912) 


25 


BeO 


Beryllium oxide is heated with .sugar charcoal in the ('Icctric furm 

2BeO + 3C ^ BceC + 2CO 

bobeau, (’oinpL rend., 121, 496 11S9.5) 


1-2612 


nace 


25 


BcO 


COCl> 


1-2613 


Pure crystals of beiylliuni chloiide are prepared by irassing dry i)lio.s- 
gone over thorouglily dried beryllium oxide at 450°C. 

CDCb + BeO — > (’().. + JvCio 
H. S. Booth and (1. 0. Toney. I’hys. (‘hem.. 36. 2469 (1931) 


85 


I h*( ) 


C4O5H6 


1-2614 


lieiylliuin oxide di.><solves in a solutio,, of ,„alic’ acid, forming a basic 
malate. 

(2BeO + Jh'o(()f[),.(b 05 H,} 

J, L. Delsal, .1. ('him. pliys., 36. 314 (193X) 


69 


BeO 


CfOeH 


1-2516 


Beryllium oxide is .soluide in a solution of tartaric acid, v ith formation 
nf a l)asic salt; 

(3BeO + (bOeH. ^ liejfOH ).(',( i.H, + Hd)) 

.1. L. Delsal, J. (’him. pijys.. 36. 314 (1938) 


69 
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BeO 


H. 


1-2616 


Beryllium oxide is reduced by hydrogen. 

BeO + H, Be + I LO 

W. X. Hartley, Trans. Uoy. Soc. (Dublin), 7, 346 (1901) 


>5 


BoO 

HCl 1-2617 

Evaporation of a solution of beryllium oxide in hydroehlorie acid forni.s 
tetrahydrated beryllium ehlorid(\ 

(a) BqO + 21R'I hi'VU -f (lUO) 

4 

(b) BcCl, + 4IT,0 BoC'l..-4H/> 

A. AUerbersj. K. Sv. \’et. Akail. Haiull., 12, 12 (1873) iO 


13e ( ) 

HF 1-2618 

Beryllium oxide dissolves in hydrochloric or hydrofluoric acid with evo- 
lution of heat : 

IM) + 21 IE -> lh‘E-. -E lI->0 + A 


C'opaux aiul Philips, Coinpt. Ueml., 176, 579 (192.5) 
Ref.: G. Marclial. J. Chim. phys., 22. 32.3 (1925) 


G9 


BeO 


HPO 


1-2619 


Beryllium oxide is fused with an excess of metaphosphoric acid with 
addition of some silver orthophosphate. 

J5eO + 2HP()3 ^ BefPOa)-. + \W 

Blcycr atnl Miiller, /. anorg. chein., 79, 203 




]k‘( ) 


H 3 PO 


1-2620 


A solution of beryllium oxide in phosphoric acid yields on addition of 
alcohol, a granular mass of tril.ydi-ate<l beryllium hydrogen ortho- 
phosphate. 

Hrt) -t- Ibd'O; r 2l[4t-> BeliPtb-I^II.t) 

A. At t Cl berg, K. .Sv, \'ct . I hi mil < >1 vers.. 32. Xo. ( , 35 (18(.) * 


10 
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BeO 


H2SO3 


1-2521 


When beryllium oxide is dissolved in sulfurous acid and the solution 
evaporated a syrupy mass of trihydrated basic beryllium sulfite results. 


2BeO + H2SO3 + 2 H 2 O BeSOa-BeO + 3 H 2 O 

A. Atterberg, K. Sv. Vet. Akad. Handl. Ofvers.,30, No. 4, 83 (1873) 


BeO 

1-2622 

Beryllium oxide dissolves in sulfuric acid. The resulting solution on 
evaporation yields blunt-ended, quadratic pyramids with occasional 
prismatic faces, hydrated, probably tetrahydrated. bcr>dlium sulfate. 

(a) BeO + H 2 SO 4 BeS 04 + (H 2 O) 

BeS04 + IHoO ^ BeS04-4H20 

A. Atterberg, K. Sv. Vet. Akad. Handl. Ofvers., 30, No. 4, 80 (1873) 10 


BeO 

1-2523 

Beiyllium oxide is reduced by magnesium. 

BeO + ]\fg ^ Be + MgO 

Winkler, Ber., 23, 120 (1890) 

Denied by P. Lebeau, Compt. reml., 123, 818 (1896; 25 


SiF4 

NaF 


BeO 


1-2624 


Beryllium may be extracted from bt'ryl by treatment with silicon tetra- 
fiuoride and sodium fluoride. 

The solubility of sodium beiyllium fluoride in water at 100° is 28 grams 
per liter. 

(a) 2BeO + SiF 4 2Ber2 -h SiOj 

(b) BeFz + 2NaF ^ Na.BeF, 

H. Copaux, F. Pat. No. 476,465, July IS, 1914 
Ref.: H. Copaux, Chini. et Ind., 2, 915 (1919) 
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BeO 

SiOs 1-2626 

Beryllium oxide and quartz are heated together in the electric furnace. 

BeO + SiOj BoSiOa 

Jager am! van Klooster, J. Soc. Glass Tech, 3, 234 25 


BeO 

SnCL 1-2626 

HCl 


Wlieii beryllium oxide is dissolved in hydrocliloric acid, and stannic chlo- 
ride is added and the resulting solution evaporated, a double beryl- 
lium stannic chloride containing eight molecules of water of hydration 
is formed. 

(a) BeO + 2ilC’l ^ BeCb + H*0 

(b) BeCI, -h SnCh + 811,0 BeCL-SnCb-SILO 

A. Atlerberg, K. Sv. Vet. Akail. Hundl., 12, 14 (1873) 


10 


K.>()-Be()-2C203 


CaCl> 


1-2527 


BaCl 


A solution of potassium beryllium oxalaU* will react witli a solution of 
calcium chloride yielding calcium oxalate. The same typo reaction 
occurs with barium chloride. The same type reaction occurs with the 
sodium and ammonium salts. 

^ 2CaC2(h + BeC’l, + 2KC1 


(a) 

(b) 


K,0- BeO - 20,03 + 2CaC’l, 
K20Be0-2C',()3 + 2BaC'l, 


2 BaC ,04 + BeC’l, 2KC1 


.\. Uosenlicim anil 1*. Wogr, /. atiorg. (‘hcin.. 15, 2S3 (1897) 


.-*8 


Ih‘(01I), 

As,Ofc 1-2528 

Beryllium liydroxide is heated to 220® for several hours in a sealed lube 
with ai'senic pentoxide. 

21k‘(OH)2 + A.s,() 5 2BeHAs04 -h H,0 

Bleyer and Muller, Z. anorg. Chcin., 76, 287 (1912) -'5 
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Be(OH)2 


I<2629 


Beryllium hydroxide suspended in water is treated with carbon dioxide. 


(a) 4Be(OH)2 + CO2 BeC03-3Be(0H)2 + H2O 

(t>) Be(OH)2 + CO2 ^ BeCOs + H2O 


P. N. Kaikow, Chem. Ztg., 31, 55, 87 
Ref.: Weeren, Pogg. Ann., 92. 101 (1854) 


Be(OH)2 

H 2 C 2 O 4 1-2630 

Beryllium hydroxide is digested with a boiling solution of oxalic acid. 

Be(OH)2 + H2C2O4 -h H2O ^ BeC204 -3H20 

Rosenheim and Woge, Z. anorg. Chem., 16 , 283 (1897) £S 


Be(OH)2 

HF 1.2631 

(NH4)2C03 

Pure beryllium hydroxide is dissolved in hydrofluoric acid (d. 1.13) and 
treated with the theoretical amount of ammonium carbonate. The 
solution is concentrated, chilled and the precipitated product filtered 
and washed with cold H2O, then alcohol. 

(NH4)2C03 + Be(OH).> + 4HF -> (NH4)2BeF4 + CO2 + 3H2O 

A. V’. Novoselova and M. Y. Averkova, J. Gen. Chem. (USSR), 9, 1063 (1939) ^0 


Be(OH)2 

HIO 3 1-2632 

Beryllium hydroxide treated with iodic acid evaporates to a non-crystal- 
line, nearly dry syrup containing beryllium iodate. 

Be(OH)2 + 2HIO3 Be(I03)2 + 2H2O 

.V. Atterberg, K. Sv. Vet. Akad. Handl. Ofvers.,30, No. 4, 85 (1873) fd 
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Be(0H)2 

H 2 M 0 O 4 1-2633 

When beryllium hydroxide and molybodic acid are boiled in water for 
some time, the solution yields a voluminous powder consisting of 
tightly packed needle crystals. This is a trihydrated basic beryllium 
molybdate. 

2 Be(OH )2 -I- H 0 M 0 O 4 + H 2 O ^ BeMo 04 Be0 - 3 H 20 + { 0 } 

A. Atterberg, K. Sv. Vet. AkiuL Hundl. Ofvers., 30, No. 4, 84 (1873) 10 


Bo(OH).> 

HNO 3 1-2634 

Beryllium hydroxide is dissolved in nitric acid (d. 1.52) under ice cool- 
ing. Partial evaporation yields hygroscopic crystals of beryllium 
nitrate, as tetrahvdrate. Crvstallization from 51% HNO 3 vields the 

7 « « ' V V 

trihydrate. 

(Be(OH)2 -h 2HNO3 + 2H2O ^ Be(N03)2-4H20) 

.\. V. Novoselova, X. D. Xagorskaya ainl X. M. Motolova, J. Gen. C’licm. 
(USSR), 6, 1307 (1936) 60 


H 2 SO 3 


Be(0?I),> 


1-2636 


Beryllium hydroxide is digested 
beryllium sulfite. 


with .sulfurous acid, yielding l)asic 


2Be(()U)2 -f- ILSOa HeO BeSOa + 


G. Kruss and II. Moraht, Her., 23, 


(1S90) 



Re(()H).> 


H2S04 

Beryllium hydroxide dissolves in dilute sidturic acid. 

Be(OH)2 + H.2SO4 + 2H2O — BeS04-4H2() 

H. I)(‘bray, .Ann. cliiin. [31 44, 5 (1855) 


1-2636 
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Be(OH)2 

H2Se03 j. 

NH^OH 

hen cqui^'alont amounts of beryllium hydroxide and of selenous acid 
are mixed and e\*aporated a non-crystallizable solution results. Addi- 
tion of ammonia to this precipitates a white flocculent powder, hexa- 
hydrated basic beryllium selenite. 


(iO Be(OH)2 + HoSeOa — > BeSeOs -f (2H2O) 

( 1 >) SBeSeOa + 2NH4OH + SH.O 

^ (BeSe03)2 Bc0-6H20 + (NH4)2Se03 

A. Attorberg, K. Sv. Vet. .\kad. Handl. Ofvers., 30, No. 4, 83 (1873) 10 


Be(0II)2 

KiC.Oi 1-2638 

Na'C'Oj 


(NH4)2C204 


By saturating a solution of potassium oxalate with beryllium hydro.xide 
at 100°, colorless crystals will l)e obtained when exposed to concen- 
trated sulfuric acid. The same type reaction occurs with sodium oxa- 
late and ammonium oxalate. 


(a) 4Be(OH)2 + MKoO-CoOz) + 3H->0 


(K20)>*(Be())4-(C203)4-5II.>() + 4K()II 


(h) 2He((.)II)2 + 2 (Na 20 -C 203 ) + 5 H 2 O 

-- (BeO)2-(C203)2-5H20 + 4NaOH 


(c) 4Be(OH)2 + 4[(XH4)20-C>(.)3] + SILO 

- ((NH4)20)2-(Be0)4-(C203)4*5H20 -f 4NH4OH 


A. Kosenlieiiu and P. Woge, Z. anorg. Chem., 16, 283 (1897) 


28 


BERVLLIUiM 


G13 


Be(OII). 

KHC 2 O 4 

NaHC 204 


1-2639 


NH^HC20^ 

A solution of potassium hydrogen oxalate is saturated with beiyllium 
hydroxide, then filtered olY, and the filtrate decomposed with potas- 
sium hydrogen t)xalate. C’olorless crystals arc obtained. The same 
type reaction occurs with sodium hydrogen oxalate and ammonium 
hydrogen oxalate. 

(a) Be(OH)2 -b 2KIIC2O, -> K2O • BeO • (C>03)> ■ HoO + H.O 

(b) BeCOH.) + 2NaTIC20i Na-. 0 -BeO- (0203)2 -lEO + H2O 

(c) Be(OH)2 + 2 XirjlC.>()» (NHd 20 Be 0 2C20 3 + 2H2O 

A. Hosenhciin and P. Wogo, Z. anor>{. ('iM'in., 16, 283 (1897) 



Be(()ll)-, 


KH0(C4H406) 


1-2540 


A glasslike substance is oiitained wIhmi a measured quantity of bciyl- 
lium hydroxide is dissolved in a measured quantity of a solution of 
potassium hydrogen tartrate. 

2Be(On)2 -t- 2K1I()(C',1I4()5) K4>- (BeO)-,- ( CilM)5) ->-2H->0 + II 2 O 

.\. Rosonlioiin ainl 1*. Z. unorj:. 16, 283 (1807) 


28 


Be(()ll), 

KHOCCiH^Oa) 

NaHOCC^H^Os) 

NH4HO (CiH^Oi) 

A solution of potassium hydrogen tartrat(‘ is .'Saturated with beryllium 
hydroxide at 100°, then filtered off. (’rystals areol)tain('d. The .sanu' 
typo reaction occurs with sodivun hydrog(*n tartrate and ammonium 
hydrogen tartrate. 

(a) 4Be(Oin.. -b 2 [KlTO((Mb,Or,)l + :MU) 

I\,()-(BeO),-{CMb05)-8H20 

(I)) 4Bc(On}-. + 2[X:iIl0((Ml,0:,)| -b 411,0 

• Xa,O-(HeO)4((Mb06), *811,0 

(c) 4Be(On).. 4- 2|{X!I,)ll‘> (<'ini<b)l A 411,0 

-- (xn0uO-(iW)4(CMi4O5)2*8ii,o 
A. Rosenlirim and 1’. Wo^o. Z. utioig. CMk-ju.. 15. 283 (1807) 


1-2641 


..^S‘ 
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Bo(OH)2 

KHSO 3 1.2642 

Beryllium hydroxide is digested with a warm solution of potassium 
bisulfite. 

2Be(OH)2 + 3KHSO3 + 6H0O ^ K2S03-(BeS03)2-9H20 + (KOH) 

Seubert and Klten, Z. anorg. Chem., 4, 44 (1893 ) 25 

Be(OH)2 

KHSO 3 1-2643 

NH 4 HSO 3 

Crystals are fonned ^^■heIl beryllium hydroxide reacts with a solution 
of potassium hydrogen sulfite. The same type reaction occurs with 
ammonium hydrogen sulfite. 

(a) 2Be(OH)2 + SKHSOa + 6H2O K2S03- (BeS03)2-9H20 + KOH 

(b) 2Be(OH)2 + 3NH.1HSO3 + H2O 

-- (NHd2S03-(BeS(33)2-4H 20 + NH4OH 

A. Rosenheim and P. Wogc. Z. anorg. Chem., 16, 283 (1897) 28 

Be(OH)2 

KOH 1-2644 

Beryllium hydroxide is dissolved by a .solution of potassium hydroxide. 

Be(OH)2 + 2KOH -> K.BeO. + 2H2O 

Kruss and Moralit, Ann., 260, 161 (1890) 25 


Be(OH)2 

Mg 1-2646 

Beryllium hydroxide is readily rediieed by magnesium when heated 
in an atmosphere of hydrogen. 

Be(OH)2 + 2i\Ig ^ Re + (2AIg() + H2) 

H. F. Keller, J. Am. Chem. Soc., 16, 838 (1894) / 

Be(OH)2 

M 0 O 3 1-2646 

Needles aiv obtained when beryllium hydroxide is heated with molyb- 
denum trioxide which is suspended in water. 

Be(( 4 H )2 “t“ M0O3 + H2O — * BeO • M0O3 ■ 2H2O 

A. Rosenheim and P. Woge, Z. anorg. Chom., 16 , 283 (1897) 28 
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Be(0H)2 

(NH4)2F2 1-2647 

Colorless needles are obtained after beryllium hydroxide has been dis- 
solved in a hot solution of ammonium fluoride and the excess of water 
has been evaporated. 

Be(OH)2 + 2(NH4)2F2 ^ BeF2-2NH4F + 2NH3 + 2H2O 

II, V. Hclmholt, Z. anorg. Chem., 3. 115 (1893) 28 

Be(OH)2 

NaHCOa 1-2648 

Beryllium hydroxide is dissolved in 1.08 N sodium bicarbonate solu- 
tion below 53 ®. 

(a) Be(OH)2 + 2NaHC03 -> Be(0H)2-2NaHC03 

(b) 2(Be(OH)2 - 2NaHC03) 

^ Be(0H)2-NaHC03 Na>C03 + BeCOH). + NaHCOs + H2CO3 

A. Baladien, Chem. News, 132, 213 (1926) ^5 


Be(OH).> 

NaOH 1-2649 

Beryllium hydroxide is dissolved by a solution of sodium hydroxide. 

(a) Be(OH)2 + 2NaOH ^ Na.BeO. + 2H2O 

(b) Be(OII)2 + NaOH — NallBeO. -f H.O 

J, K. Wood, J. Chem. Soc., (London), 97 , 883 (1910) 26 


Be(OH)2 

SO2 1-2660 

Beryllium hydroxide is digested with a solution of sulfur dioxide in 
absolute alcohol. 

Be(OlI) > + SO2 ^ BeSOs -f H.O 

Kruss and Moraiit, Her.. 23, 734 (1890) 


Be(OH)2 


V2O5 


1-2661 


A boiling solution containing eciuivalent proportions of beryllium hy- 
droxide and vanadium pentoxide is filtered, concentrated and poured 
slowly into alcohol. 

Be(()TT)-. -h V-Oo + 3H2<) Be(V(:)3)-.‘4H20 

V. II. M.P. Brent on.. L Ain. Chem. Soc., 38, 2361 (1916) 
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Be(OH) (CH3CO2) 


HNO: 


1-2552 


Plydroxy beryllium acetate is evaporated with nitric acid (d. 1.4), and 
the syrup treated with little HNO3. Upon scratching the sides of the 
beaker it crystallizes to the nitrate tetrahydrate. 

Be(OH) (CH3CO,) + 2HXO3 -h 3 PLO ^ Be(N03)2-4H2() -f- HC2H3O2 

A. Novoselova. N. D. Nagorskaya and N. M. Metclova, J. Gen. Chom. (USSR) 
6. 1307 (193G) 


Be(OM) (C2H3O2) 


H-.0 


1-2663 


A granular Ixa-yllium hydroxide of satisfactory purity for preparation 
of other beryllium salts is obtained by hydrolyzing ba.sic beryllium 
acetate, f])urified by ciystallization from hot aecdie acid) or by electro- 
lyzing (G.-i am|)s/(im-, ice cooled), or by dialyzing in an atmosphere of 
steam. 

(a) Be(()H) (C2H3O2) + IK >11 BelOlI). + llCilUh 

(b) Be(()H).. -> HeO + ILO 

11. 8. Booth and G. G. Torrey, .1. Idiys. (’hem., 36, 21(37 (1031) 


Be 2 (()II) 2 (V) 5 lL 


NaOH 


1-2664 


The neutralization curve of the basic bervllium malate bv sodium hv 
dioxide shows formation of a eomph'x in .solution: 

(Bc2(OH)2CAH.i + XaOH ^ He-AVlsIL-NaOIl -f 2 lhO) 

.1. r.. l)cl?al, .J. C’liim. phys., 36, 314 (I!)3S) 


BelMClc-SlLO 


1-2666 


Beryllium jialladium he.xaeliloridt' oetaliydiate loses all its water of 
hydration at 130 °C. 

V 

BePdCle-SHeO ^ BePdC'L + SH.O 


A. Welkow. Her., 7, 3S (ls74) 


II 


A 


beryllium 


G17 


Bc'RtClfi-SILO 

1-2666 

Borvlliuin platiiiio cliloridc' octaliydrafi* losos I moles of water at 

The tetraliyclrate decomposes above I50^(’ with loss of water atal 
hydrochloric acid. 

(a) BePtCl6-8IL>() ^ BePtCL-dlLO + 4FLO 

(b) BePtCl6-4H,0 -> 3IL() + 211(4 + (RrO -|- PtCl.) 

A. Welkow, Her., 6. 1189 (1873) 


Be(S('N), 

Hg(CN)2 1-2667 

\\ hen beryllium thiocyanate solution and mercuric cyanide solution are 
mixed and evaporated, crystalline tal)lets with mother-of-pearl luster 
are formed the double salt, beryllium thiocyanate mercuric cyanide. 

Be(SCN)2 -f- Hg(CN)o (Be(SCN)2-Hg(CN)2) 

A. AtteiherK. K. 8v. Vet . Akail. Handl. (ifver.s., 30. Xo.4,S.5 (1873) 


10 


KeSO, 


BaCl 


the doui)le d(*com])osition between beryllium sulfate 
chloride is an exothcanne reaction: 

BeSO^ + BaCl. IhiSO^ + BeCb + A 

G. Marchal, J. Cliim. pliys., 22, 325 (1925) 


1-2668 


and barium 


69 


Ba(C10,)-, 1-2659 

Solutions of l)eryllium sulfate and barium perchionite are added to- 
gether and the filtrate' ('vai)orated. 

BeS()4 + Ba(ClOd-.- + 4114) Be(( 'lO,,)-i ■ 4IL( ) + BaSO^ 

Marignac, Ann. cliiin. (4l 30, 45 (1873) 26 


HeSO, 

Ba(C104),. 1-2660 

Double r{‘j)lac(‘JMent Ix'twceii beryllium sulfate and barium perchlorate* 
forms on slow ('va])oration small lu'edle crystals of i)ervllium perchlo- 
rate which can be dried only on porous porcelain. 

Ik'SO, -b Ha((’l().,)': -> Iie(('l()d-j + HuSOi 

A. Atterherg, I\. Sv. \'cf. .Akad. Iltindl., 12, 20 (1873) in 
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BeS04 

Ba(N03)2 1-2561 

Equivalent amounts of beryllium sulfate and barium nitrate in solu- 
tion react and the filtrate evaporates. 

BeS04 + Ba(N 03)2 + SHzO ^ Be(N03)2*3H20 + BaS04 

Atterberg, K.Sv.Vet.Akad.Handl.[5]12, (1873) SB 


BeS 04 

BaSsOe 1-2662 

When solutions of beryllium sulfate and of barium dithionate are 
mixed, the barium sulfate filtered off, and the solution evaporated over 
sulfuric acid, crystals of beryllium dithionate are formed. 

BeS 04 “h BaS206 — * BaS 04 -f- BeSaOe 

A. Atterberg, K. Sv. Vet. Akad. Handl. Ofvers., 30, No. 4, 83 (1873) tO 


BeS()4 

Be(OH )2 1-2663 

When beryllium hydroxide is added to a neutral solution of beryllium 
sulfate and evaporated there results a clear, glass-like mass of dihy- 
drated basic beryllium sulfate. 

BeS 04 + Be(OH )2 + 2 H 2 O ^ BevS 04 -Be( 0 H) 2 - (H 20)2 
A. Atterberg, K. Sv. Vet. Akad. Handl. Ofvers., 30, No. 4, 81 (1873) ^0 


BeS04 

KjCrOt 1-2664 

Potassium chromate .solution added carefully to an exces.s of beryllium 
sulfate solution yields a pale yellow precipitate of hydrated basic 
beryllium chromate, probably with complicated side reactions. 

(28BeS04 2K2Cr04 46H2O) — > 2BeCr04* (Be 0 )i 3 * 23 H 20 

+ (2K2SO4 4- 26SO2 + 13O2) 

A. Atterberg, K. Sv. Vet. Akad. Handl. ()fvers., 30, No. 4, 83 (1S731 


beryllium 


619 


K2SO4 


BeS04 


A solution containing equivalent quantities of beiyllium sulfate and 
potassium sulfate is evaporated. 

BeS04 + KiSOi + 5 H 2 O ^ BeSOi • K2S04 • SH.O 

G. Marclial, J. Chim. phys., 22. 325 (1925) 


1-2666 


25 


BeS04 

^2S04 1-2666 

When solutions of beryllium sulfate and of potassium sulfate are mixed 
and allowed to evaporate, the dihydrated double sulfate of beryllium 
and potassium separates as a white powder or crystalline crusts. 

BeSeX d- K2SO4 + 2H2O -> BeS(:)4 • K2SO4 • 2H2O 

A..\tterberg,K.Sv. Vet. Akad. Handl. ()fvcrs.,30, No. 4, 82(1873) iQ 


K2SO4 

H2SO4 


BeS04 


1-2667 


When sulfuric acid Ls added to a concentrated solution of beryllium 
sulfate and potassium sulfate there precipitates tetrahydrated beryl- 
lium potassium hydrogen sulfate. I‘]\ aporation of a more dilute solu- 
tion yields the acid salt as rounded clusters of tightly packed, .small, 
needle prisms. 

BeS04 + 2K2SO, + HoSOj + 411.0 ^ BeS()4 (K2S04)2 H2S04-4H20 

A. Atterberg, K. Sv. Vet. .Vkad. Handl. Ofvers.,30, No. 4, 82 (1873) 


10 


NH 


BeS04 

Dry ammonia is pa.ssed ovcm- beryllium sulfate at — 17 to 

BeSO, d- 2X113 — BeS04-2Xn3 
Fritz Epliraiin, Her., 69. 13 1210 (1926) 


1-2668 


-21^ 


25 


HeS 04 

NH4OH 1-2669 

Hydrated lK‘rylliuin oxide is precipitateil from a solution of tli(‘ sulfate 
by a .slight exccj^s of ammonia: 

(BeSO, -f 2X11,011 ^ He0-II-,0 + (XH 4 ) 2 S 04 ) 


G. Marehal, J. Chini. i)hys., 22, 325 (1925) 


isn 
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BeS04 

(NH4)2S04 1-2670 

A solution containing equivalent weights of beryllium sulfate and am- 
monium sulfate, evaporated first by heat and then over sulfuric acid 
to a thick S 3 ’rup, forms transparent crystals of the hydrated double 
salt. 

BeSOi -h (NH4)2S0., -L 2 H 2 O BeS04-(NH4)2S04-(HoO)2 

A. Atterberg, K. Sv. Vot. Akad. Handl., 12, 26 (1873) 10 


BeS04 

Na2S04 1-2671 

When a neutral solution of three equivalents of beryllium sulfate and 
two equivalents of sodium sulfate is evaporated to a syrupy consist- 
ency" star-like groups of fine needle crystals of the hydrated double 
sulfate of beryllium and sodium separate. 

3BeS04 + 2Na2S04 + (BeS 04 ) 3 - (Na 2 S 04 ) 2 - I 2 H 2 O 

A. Atterberg, K. Sv. Vet. Akad. Ilandl., 12, 26 (1873) 10 


BeS04 

NasSeOj 1-2672 

When solutions of beryllium sulfate and sotlium selenite are mixed a 
number of basic or acid beryllium selenites are formed according to 
conditions. The 2:3:10 hydrated l)asic beryllium selenite becomes a 
permanent precipitate in an excess of sodium selenite. 

10BeSO4 4- 4 Na 2 Se 03 + 2i)lU) 

2[(BeSe(J3)2-(Be(_)) 3-l()HA)] + 4Na2S()4 + OSt). + 30. 

L. F. Nilson, Nova Acta Reg. Soc. Sci. Upsal. [31, Vul. 9, No. 7, 47 (1874) 10 


BeS()4 


A 


1-2673 


The decomposition of beryllium sulfate at 700^'. give.s a basic salt (a). 
The complete dccompo.sition (b) takes place at a mucli higher tempera- 
ture and is slow. 

(a) 5BeS()4 -> {BoOh-^0, + (dSO^) 


(b) Be804 -> BeO -f SOj 

G. Marclial. .1. Chiin. phys., 22. 493 (l!)2oi 


(i!) 


BERYLl.lUiM 


021 


BeCl. 

AgMn04 

Solutions of beryllium chloride and silver permanganate are mixed and 
the filtrate concentrated. 

BeCb + 2AgAIn0.i BefMnOOo + 2AgCl 

Moles and Crespi, Analcs soc. Espan fis. quim., 21, 305 (1923) 


1-2674 





BeoC 


1-2675 


Finely divided beryllium carbide is lieated to redness in a stream of 
hydriodic acid. 


Be.C + 4Hr 2BeI., + (CIb) 

Lebeau, Compt. rend., 126, 1272 (1898) 



N. 


BciC 


Beryllium carbide is heated to 1250° in an atmosphere of nitrogen 

3BooC H- 2X2 2303X2 + 30 

F. Fichtcr and E. Brunner, Z. anorg. choin., 93, 84 (1915) 


1-2676 


2.5 


NH 


Be2C 


Beryllium carbide is lieated to 1000° in an atmosiiliere of ammonia 

3BeoC + 4XII3 = 2303X2 + 30 + (Olio) 

F. Fielder and E. Brunner, Z. anorg. Cliem., 93, 84 (1915) 


1-2577 


.i5 


3e.,(S()d. 

BaCCoH^-SO^). 1-2678 

Solutions of bervlliiim sulfate aiul liarium ethyl sulfati* are mixc'd and 

w ^ 

the barium .sulfate filtered olT. The filtrate yields d(di(|uesceiit tablets 
of dodeca-hydrated beryllium ethyl .sultate. 

3e.>(S(^4)3 + 33a(0,iri-S()4)j + 1211,0 

>33aS()4 -H Be,-(0,Il5)r. (S(),),r 1211,0 


.1. E. Alcn. K.Sv. Vet . Akad. 1 landl . ( ifvri s . 37. N<.. s. 39 ( ISSU 


to 
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Be2(S04)3 

Pb(CH3 • 804)2 1-2679 

Solutions of ber 3 'llium sulfate and lead methyl sulfate are mixed, the 
lead sulfate filtered off, and the filtrate yields flat, deliquescent prisms 
of dodeca-h\'drated ber\'llium methyl sulfate. 

Be2(S04)3 + 3Pb(CH3- 804)2 + I 2 H 2 O 

^ 3PbS04 + Be2-(CH3)6-(S04)6 l2H20 
J . E. Alen, K. Sv. Vet. Akad. Hand!. Dfvers., 37. No. 8, 17 (1880) 10 


(BeSeO3)2-(BeO)3-10H2O 

Se02 1-2680 

H 2 O 

When the 2:3:10 hj^drated basic beryllium selenite is treated with 
selenium dioxide, water added, and the mixture evaporated at 60° the 
dihvdrated nomial beiyllium selenite forms as tough gumm\’' masses. 

(BeSc03)2-(BeO)3-(H..O),o + SSeO. ^ 5BeSc03-2H20 

L. F. Nilson, Nova Acta Reg. Soc. Sci. Cpsal. (3), Vol. 9, Xo. 7, 48 (1874) 10 

Be3(0H)2C406H2 

NaOH I_2681 

When sodium h\'droxide is added to a solution of basic beryllium tar- 
trate, a complex is formed in .solution and the hydroxide is precipitated. 

Be3(OH)2C4()6H2 + XaOH ^ Be.C^OelL-XaOH -h Be(OH )2 

•I. L. Deisal, J. Chiin. phys., 36, 314 (1938; 69 


(Be(0H)2)3*7Il20 

A 1-2682 

Precipitated beryllium hydroxide when dried or heated to 100° forms 
anhydrous beryllium hydroxide. 

(Be(()li)2)3-7H20 3Be(OH)2 + 7 H 2 O 

A. Atterberg, K. Sv. Vet. Akad. Handl., 12, 12 (1873) 10 


BISMUTH 
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BISMUTH 


BiCla 



1-2683 


Bismuth and bismuth trichloride are fused in stoichiometric propor- 
tions to yield a black mass of bismuth dichloride. 


Bi + 2BiCl3 ^ SBiCb 

G. P. Luchinsky and A. T. Likhacheva, J. Gen. Chem. (USSR), 6, 1452 (1936) 60 


BiCb 

BiBra 

Bils 

Bismuthous chloride is formed when bismuth trichloride is heated with 
bismuth. Bismuthous bromide and iodide are prepared in an analogous 
manner. 

(a) 2BiCl3 -i- Bi -> SBiCh 

(b) 2BiBr3 + Bi -> 3BiBro 

(c) 2Bil3 + Bi 3Bil2 

W. Hcrz and A. Gultmaim, Z. unorg. Chem., 66, 422 (1908) 

Ref.: G. Senter, J. Chem. Soc. (London), 94, 199 (190S) 67 


Bi 


1-2684 




1-2586 


Bismuth tribromide is obtained when bismuth is heated in bromine. 


2Bi + 3Br2 2BiBr3 

R. Gerstl, Ber., 9, 76 (1876) 



Bi 

CU 1-2586 

A current of dry chlorine passed over ))ismuth in a retort heated to the 
point of fusion reacts to form black bismuth dichloride. Deherain, on 
the basis of other reactions, thinks the formula should be doubled. 

(a) Bi + Ct. ^ BiCb 

(b) 2Bi + 201. -* BioCb 

Deherain, Compt. Rend., 64, 724 (1802) 
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CU 


I- 26 Sr 


li a stream of clilorine gas is jDasscd over heated bismuth, beautiful 
eiystals of l)isniuth trichloride are fomied. These are then sublimed 
in a stream of carbon dioxide. 


2Bi + SClo 

R. Gorstl, Hor.. 9, 75 (1876) 


2BiCl; 


Bi 


1-2588 


The preparation of the gaseous hydride is made possible by using the 
Biedig method of making spai'ks between metal electrodes under the 
licluid surface. A strong electrolyte and frequent sparks permit the 
formation of the hydride. 

2Bi + 3Ho ^ 2BiH3 

V. Paneth, Z. Klektroolicin., 26. -1.52 (1020) 


1-2689 

Bismuth reacts with potassium metal confined under boiling paraffin. 

Bi + 3K ^ KJVi 

Vournasos, Compt. Rend., 162, 714 (1911) oc 


Na 


1-2690 


Ibsmuth reacts with sodium metal confined under boiling paraffin. 

Bi + 3Xa — > XasBi 

\'ournasos, (ompt. Hcnd., 162, 714 flOIl) 


0 . 


1-2691 


Ihsmutli is heat('d to redness in air or oxygen. 

-iBi -}- 3(L 2Bi-j()3 (yellow) 


Thomson. Proc. Cllnsgow Pliil. Sor.. 42, 4 (1S41) 
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O2 

HCl 



1-2592 


Bismuth dissolves in hydrochloric acid in the presence of air or oxygen. 

4Bi H- 3 O 2 + 12HC1 4BiCl3 + GH.O 

Ditto and AFetzuor, Compt. Rend., 116, 1303 (1892) 25 


Bi 

S 1-2693 

^\hen a mixture of bismuth and sulfur is heated in a sealed tube the 
following reaction takes place at about 270°C. Even with correct pro- 
portions of the reagents the combination is never complete. 

2Bi + 3S ^ BisSa 

II. Pohihon, J. C'hiin. pliys., 2 , 321 (1904) 69 


Bi 

Sn • 1-2694 

Pb 

Freezing point studies show that no compounds arc formed in alloy 
systems of the three metals, bismuth-lead-tin. This contradicts the 
conclusions of others (e.g. Reinders, Zeit. anorg. Chem., 25, 113 (1900)) 
based on studies of densities and other physical properties of these 
systems. 

Sb + Sn H-> SbSn 
Bi + Sb BiSb 


etc. 

K. S. Shepherd, .1, l*hys. (’hem.. 6, 519 (1902) 

Ref., F. E. GallaKlier, .J. Phys. Chem., 8. 04 (PH)4) 


7 


BiBr^ 

H 2 O 1-2596 

Bij^muth bromide livdroIvz(‘S. 

JRBi-a -b lijO BiOBr + 2HBr 

Ilerz and Bulla, Z. .Viioik. Chem.. 61, 387 (1009) 2o 
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BiBra 


1-2696 


Bismuth bromide reacts with phosphine to give hydrogen bromide, and 
a bromide of complex composition. 


SBiBrs + PHs 2HBr + BrPH(BiBr2)3 

A. Cavazzi and D. Tivoli: Gazz. Chim. Ital. 212 , 305 (1891) 

% 



BiBrs 

Quinine 1,2597 

HBr 

Addition of a dilute acid solution of bismuth bromide to a dilute acid 
solution of quinine containing an excess of potassium bromide yielded a 
precipitate of the quinine complex melting with gassing at 210-230°C. 
Similarly brucine yielded a complex melting at 273°C. 

(a) C00H34O2N2 + 2HBr + BiBra — > C2oH2602N2BiBr6 

(b) 2C23H26O4N2 + 2HBr + BiBra ^ (C23H2704N2)2BiBr6 

♦ 

K. P. Whito, J. Am. Pharm. 30, 156 (1941) 


HoO -}■ A 


Bi(CH3COS)3 


1-2598 


Bismuth thioacetate in a water solution when heaterl gives bismuth 
sulfide thioacetate, acetic acid and hydrogen sulfide. 

(CH3COS)3Bi + 2H2O CHsCOSBiS + 2CH3C’OOH + H2S 


N. Tarugi: Gazz. Chim. Ital., 27*, 320 (1897) 



Bi(CH3COB)3 

H 2 SO., 1-2699 

If bismuth thioacetate and sulfuric acid are mixed and let stand in air 
and light the products will be bismuth sulfate, bismuth, thioacetate and 
thioacetic acid. 

3(CH3COS)3Bi + 4H2SO4 ^ Bi2(S04)3 + CH3C0SBiS04 + 8CH3COSH 

N. Tarugi: Gazz. Chim. Ital., 27*, 321 (1897) 21 


BISMUTH 
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Bi(CH3COS)3 

A 1-2600 

Bismuth thioacetate is decomposed by heat to give bismuth trisulfide 
and acetyl sulfide. 

2(CH3COS)3Bi BbSa + 3(CH3C0)2S 

N. Tarugi; Gazz. Chim. Ital., 27>, 322 (1897) 21 


K 2 C 2 O 4 1-2601 

Bismuth potassium oxalate was obtained when l)ismuth oxalate was 
dissolved in hot concentrated potassium oxalate and allowed to cool. 
Another compound was deposited from the mother liquor. 

2Bi2(C204)3 + 18K2C’2()4 + -ISHoO 

BbCC.OOa-TlvCjO, -241120 + Hi2(C.>()4)3 nK2C204-24H20 

Souchay and Lenson, Ann., 106, 245 

Ref., J. Am. Chem. Soc., 26. 728 (1003) / 


Bi2(C03)3 


H2Se03 


1-2602 


Bismuth carbonate dissolves in selenous acid, carbon dioxide is evolved 
and the resulting solution yields very .small needle-like crystals of an- 
hydrous bismuth selenite. 

Bi3(C()3)3 + SHoSeOa Bi2(Se03)3 + SCO. + SH.O 


L. F. Nilson, K. Sv. Vet . Akad, llandl. ()fver.s..31. No. 1.42 (1874) 


10 


Br 


BiCl2 

1-2603 

Bismuth dichloridc is repeatedly evaporated with bromine on a water 
bath (70-90°), to yield almost eolorless crystals of bismuth bromide 

dichloridc. 

2BiCl. + Br2 ^ 2BiBrCl2 


G. P. buchinsky and A. T. Likhacheva, .1. Gen. Ghein. (USSR). 6, 1 lo2 Gil-ih 


t;o 
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BiCL 



1-2604 

^Vhen black bismuth chloride is treated with chlorine, an intermediate 
pioduct is first formed. Upon heating, the latter is decomposed into 
chlorine black bismuth chloride and bismuth trichloride. 


3BiCl2 + Ck BbClg (“BhCb”) 
(b) 2Bi3Cl3 Cl. + dBiCL -b 2BiCl3 

Deherain, Compt. Rend., 64, 725 (1862) 



BiCl2 


1-2606 

When black bismuth chloride is heated in air, bismuth trichloride and 
bismuth are obtained, and in addition an oxychloride is formed. 

(a) SBiCL 2 BiCl 3 + Bi 

(b) lOBiCb -h 302 ^ 2Bi2CI(.^3 + GBiCb 

Deherain, Compt. Rend., 64, 725 (1862) on 



Bid., 


Hot BiCL solution dissolves granulated bismuth, 
separate from the solution on cooling. 

(a) 2BiCl3 -b Bi 3BiCt> 

(b) 3BiCb 2BiCl3 + Bi 


1-2606 

Bismuth crystals 


II. G. Denham: J. Cliein. Soc., (London), 93, 835 (1008) 



Bid.'> 

CsH^NoOS 1-2607 

Bismuth chloride reacts with pseudothiohydantoin in pre.-^ence of 
potassium iodide and hydrochloric acid, yielding red crystals. 

(a) BiCb -b 4KI -b HCl + C 3 H 4 N 2 O 8 ^ (Bir4)HC.3H,\,08 + 4KTI 

or with an excess of thiohydantoin. 

(b) BiCla + 4KI + 2HC1 -b 2 C 3 H 4 N 2 OS 

^ (BiLCl)FL(ChH 4N2()S), -h 4KC1 

I. V. Dubsky, Lindelar .nn<l (’ornak. Mikrochem., 26, 124 (I0.3S) 


BISMUTH 


029 


BiCla 

C2H7N6S2 1-2608 

Bismuth chloride will react with dithiourazol yielding a precipitate of 
orange-red color. 

2 BiCl 3 + 5C2H7N6S2 + H.2O 

Bi(C.>Il7N,S2)3-Bi(C>H5X6S2).>OH + ((>HC1) 


J. V. Dubsky, A. Okac and J. Trtilek, Z. anal. Chem., 100, 412 (1035) 


28 


BiCh 

C 3 H 6 N 2 S 1-2609 

Bismuth chloride will react with ethylene sulfocarbamide yielding a 
yellow precipitate. 

BiC'h + 2C3lIoN2ft (<^’3ll6N2S)2;BiCl3 

J. V. Dubsky, A. Okac H. Okac ami J. Titiick, Z. anal. Chcni., 98, 180 (1034 ) 28 

BiC'h 

CiHsNjS. 1-2610 

Bismuth chloride will react with chryseane yielding a yellow precipitate. 

BiCh + 2C4H5N3S2 + 2H..() -> BiCU- 204^15X382 H.O 

J. V. Dubsky, A. Okac B. Okac ami .1. Tiiilek, Z. anal. C’ltcm., 98, ISO (1034) 28 


BiOl 


C7H5NS> 


1-2611 


Bismuth chloride will react with inercaptobenzotbiazole yieUling a yel- 
low precipitate. 

BiCb + 3O7II3XS, — Bi(C7lbXS2).3 + 3I1C1 

G. Spucu ami M. Kuras, Z. anal. Chcin., 104 , 88 (1030) 28 


WiVl, 


1-2612 


C8H7N3S2 

Bismuth chloride will react with an alcoholic .solution of dithiophcnyl- 
urazol yielding a precipitate ot orange color. 

IhCb -f (MlTXaS- f 11.3) -> Hi(C'5ll/N3S,)Cl-j-JL>0 f ? 

.1. \ . Dubsky, A. Okac and .1. Trtilek. Z. anal, ('hetn., 100, 412 (lO.l.ji -8 
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CsHsNiSsK 


Bids 


1-2613 


Bismuth chloride will react with the potassium salt of phenyl dithio 
diazolon sulfhydrate dissolved in alcohol yielding a red precipitate. 

B1CI3 + 2C8H5N2S3K Bi(C8H6N2S3)2-Cl + 2 KC 1 

Dubsky an<i Trtilek, Z. anal. Chem., 96, 414 (1934) 


BiCL 

C6H3(0H)3 

C6Br3(OH)3 


1-2614 


Bismuth trichloride will react with pyrogallol yielding a yellow precip 
itate. The same type reaction occurs with tribromopyrogallol. 

+ C6H3(0H)3 -> C6H303Bi + 3HCI 

BiCL + C6Br3(OH)3 -> CeBraOsBi -f 3HCI 

F. Feigl and H. Ordelt, Z. Anal. Chem., 66, 448 (19Z4) 


C 12H 1 lONS 


BiCL 


1-2616 


Bismuth chloride will react with a 2% alcoholic solution of thioglycolic 

acid ^-aminonaphthalide (Thionalide), yielding a precipitate of yellow 
color. 


2BiCl3 “f~ 6Ci2HnONS + 3Na2C03 

-f- GXaCl + 3 H 2 O -f- 3 CO 2 

K. Borg and E. S. Fahrenkamp. Z. anal, f'hem.. 112, 161 (1938) 


CsICL 


131 UI 3 


1-2616 


A yellow crystalline salt, a double compound of bismuth chloi'ide and 
cesium chloride, is obtained when the perhalide of cesium was dissolved 
in water and a molecular quantity of bismuth trichloride added and 
chlorine passed through the hot solution. 


2BiCl3 + 3CsIClo (BiCbf.-SCsCl + (.3IC1) 

Brigham, Am. Chem. J., 14, 181 (1892) 

Ref., Hutchins and Lenher, J. Am. Chem. Soc., 29, 33 (1907) 


I 
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Bids 

Cu 1-2617 

Metallic copper will reduce a solution of bismuth chloride to bismuth. 

BiCU + 3Cu ^ B[ + 3CuCl 

G. G. Reissaus, Z. anal. Chem., 70, 303 (1927) 28 

Bids 

HsS 1-2618 

Hydrogen sulfide reacts with bismuth trichloride at bright red heat. 

2Bid3 + 3 H 2 S ^ BiaSa + 6Hd 

Muir and Eagles, J. Chem. Soc. (London), 67, 90 (1896) 26 


BiCla 

KaFe(CN)9 1-2619 

KOH 

Bismuth trioxide, prepared from a bismuth salt, like the trichloride, will 
be oxidized to bismuth tetroxide by heating with an alkaline solution of 
potassium ferric cyanide. The bismuth tetroxide is purified by lieating 
with 15% nitric acid to boiling until it turns yellow. 

(a) 2Bid3 + 6KOH BhO^ + GKCl + 3HoO 

(b) BbOs + 2K3Fe(CN)6 + 2KOH ^ Bb04 + 2ICFe(CN)6 + HoO 

O. Hauser and L. Vanino, Z. anorg. Chem., 39, 381 (1904) 28 



Bids 


1-2620 


(Co(NH2CH2CH..NH2)3)Cl3 

Bismuth chloride will react with potassium iodide and cobalt diethylene- 
diamino chloride, yielding a yellow precipitate. 

(a) Bida + 4KI KBiU + 3KC1 

(b) 2KBil4 + KI + (Co(NH2CH2CH2NH2)3)d3 

-^3Kd + (Bil4)2(CQ( NH2CH2CH2NH2)3) • 1 


Spacu anti Suciu, Z. anal. Chem., 79, 196 (1930) 



i 
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BiCl 


K,Mn{CN)6 


1-2621 


Risnuith chloride' will I’oact with pota,ssium mangaucse cyanide in pres- 
ence of potassium hydroxide yielding a black precipitate. 

BiCb + K4Mn(CN)6 + 2KOH ^ + K3Mn(CN)6 + H.O + 3KC1 

X. A. Trananacff, 7 .. anal, ('horn., 106, 420 (1936) 


Bid., 


K^SnO. + KOH 


1-2622 


An excess of a hot solution of potassium stannite is added to bismuth 
trichloride solution in the presence of potassium hydroxide. 

3K2SnOo + OKOH + 2BiC]3 ^ (iKCl + 3K2Sn03 + 3 H 2 O + 2Bi 

\’anino and Treubert, Ber.. 31, 1113 (1S9.S) 


l^iCI 


NH 


1-2623 


bismuth ti’iclilorido wanned slightly in a retni t reacts with dry ammonia 
gas to form tliree ammoniates. 


(a) 

(b) 

(c) 


2BiCl3 + 2 NH 3 2BiClrXH3 
Bids + 2NH, BiCl 3 -2\Ha 
Bid, + 3XH, -> Bi('1..3XH3 


Doborain, Conipf. Ucinl.. 64, 720 ns62) 


BiCl 


NH4CI 


1-2624 


Colorle.^s crystals of the double compound of bismuth chloride and 
ammonium ehloi’ide are formed when .'^olid ammonium chloride is 
added to a hydrochloric acid .solution of bismuth trichIorid(’ which is 
saturated with chlorine at — 10'. 

BiCb 4- 2X11, Cl ^ Bi('l,v2XH,Cl 

Dcherain, Comj)t. rend., 64, 72() (1S62; 

Itof., Hutchins and Lenhor, .1. .\m. CluMn. Soc., 29, .33 (1907.) 
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Bid: 


NH 4 OH 

C.OftHe 


1-2625 


Two complexes are formed in solution in the neutralization of a mixture' 
of bismuth chloride and tartaric aciel with ammonia: 

(a) (BiUla + ChOellfi + INTUOH 

-> NfI,Bi(()II)CV)6H3 + 3NIBC1 + SHsO) 

(b) (BiCU + e^OelU + oNlUOII 

(NH.,)2Bi(()II)ChOfiH, + 3NH4C1 + 4H2O) 

,1. Tj. Delsai, .1. cliim. pliys., 36, 350 (1938) ^>0 


BiCl 


NaOH 

A boiling solution of bismutli trichloride is precipitated with a slight 
excess of sodium hydroxide. 

2BiCl3 + GXaOH ^ HM)3 + GNaCl + 311.0 

Picon. J. plianu. chiin., (8) 3, 58 (1920) 


1-2626 


■25 


BiCl 


NaOH 


1-2627 


C^OeHfi 

The polarimetric neutralization of solutions of bismutli chloritle and 
tartaric acid with potassium or .sodium hydroxide reveals the existence, 
of three complexes: 

(a) (BiCb + + 4XaOIl 

^ ^ii\Vi(OU)C,0,Uz + 3XaCl + 3H4)) 

(b) (BiCb + dO.Hc + oXaOH 

— Xa.jBi(OII)(hC)fiH 2 + 3XaCl + iHoO) 

(c) (BiC’b + U-iOdU + bXaOlI — » XasBiOC'iOell-j + 3XaC'l -\- oII^O) 

.1. L. Dclsal, J. Cliiin. phys , 36, 350 (19381 


CO 


PI 


BiCl:, 

Bismuth trichloride reacts with phosphonrs triiodide 

Bids + Bla — ^ BiU + VCh 

Karaiit ussi.s, ('oiiii,!. Itciiil-, 182, 1391 (1920) 


1-2628 
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Bids 

PzSfi 1.2629 

Bismuth thiophosphate of black color is obtained when a mixture of 
bismuth chloride and phosphorus pentasulfide is heated. 

BiCL + P2S6 ^ BiPS 4 + PSCL 

E. Glatzel, Z. anorg. Chem., 4, 186 (1893) 28 


BiCb 

S 1-2630 

The compound bismuth thiochloride is obtained when bismuth tri- 
chloride is fused with sulfur. 

BiCU + S BiSCl + (CI 2 ) 

Muir, J. Chem. Soc. (London), 39, 22 (1881) 

Ref., Hutchins and Lenher, J. Am. Chem. Soc., 29, 32 (1907) 1 

BiCL 

SO 2 1-2631 

Bismuth trichloride is slightly attacked by sulfur dioxide under the in- 
fluence of heat. 

2BiCl3 + SO 2 ^ 2BiOCl3 + (vS) 

M. P. Muir, J. Chem. Soc. (London), 33, 193 (1878) 91 


BiCl 3 

€ 1-2632 

A black spongy deposit of metal is produced by electrolysis of a solution 

of bismuth trichloride in methvl alcohol. 

% 

2BiCl3 2 Bi + (3CI2) 

L. Kahlenbcrg, J. Phys. Chem., 4, 349 (1900) 7 


BiCl 3 'NH 3 

HCl 1-2633 

Hydrochloric acid forms addition products with the ammoniates of 
bismuth trichloride. 

(a) 2BiCl3-NH3 -f- 2HC1 -> 2BiCl3-NH4Cl 

(b) BiCl3-2NH3 + 2HC1 ^ BiCl3-2NH4Cl 

(c) BiCb - 3 X 113 + 3HC1 BiCl3-3NH.4Cl 

Dehcrain, Cornpt. Rend., 64, 726 (1862) 29 



BISMUTH 


035 


BiCl3-3NH4Cl 

IIsS 1.2634 

S 

Bj’’ passing hydrogen sulfide over the double compound bismuth chlo- 
ride ammonium chloride it was found that the substance bismuth thio- 
chloride is obtained. The reactants must be kept hot during this reac- 
tion. The same compound may be formed by heating with sulfur. 

(a) (BiCl3-3NH4Cl + H 2 S ^ BiSCl -j- 3 NH 4 CI -h 2HC1) 

(b) (BiCl3-3NH4Cl + S -V BiSCl -b 3NH4C1 + Cb) 

Muir and Eagles, J. Chcm. Soc. (Fjondon), 67, 90 (1895) WS 


BiFz 

A 1-2636 

€ 

A high frequency discharge in the vapor of BiFa gives rise to a band 
spectrum attributed to BiF molecules. 

BiFs BiF + (F 2 ) 

H. G. Howell, Proe. Iloy. Soc. (London), 166A. 141 (1936) HO 


IMHz 

AgNOa 1-2636 

Bismuth hydride is passed into a solution of silver nitrate. 

BiHa + SAgNOa BiAga + 3 HNO 3 

Weeks and Druce, Nature, 116, 710 (1925) ^5 



Bi.smuth hypopho.'^phite is heated considerably above 100°. 

3Bi(H2B02)3 2Bi -h Bi(P()a)3 + OP -h 91U) 
S. Hada, J. Cheni. Soc. (London), 67, 229 (1895) 


1-2637 



Bil3 

CH 3 COSH + H 2 O 1-2638 

By dropping thioacetic acid a drop at a time on bismuth triioduie and 
cooling continuously a yellow precipitate is formed which is washed in 
ice cold alcohol. 

Bila H- ClIaCOSH + II 2 O BiSI + CHaCIOOH + 2111 

N. Tarugi: Gazz. Ciiiiu. Ital., 27‘, 325 (1897) 
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RiE 

H 2 O I_2639 

Bismuth triiodiclc is converted by cold water into red bismutliyl iodide. 
\^'arm watei’ acts moi*e rapidly. 

Bih + HsO^BiOI + 2HI 

Pattiso!! Muir. J. C'hem. Soc. (London), 33, 201 (1878) 91 


B\h 

H,0 1-2640 

Red Ihsmutli oxyiodide is foi-med when bismuth triiodide in hydriodic 
acid solution is poured into water at 90°-100°. 

Bilg + H 2 O ^ BiOI + (2HI) 

M. M. It Muir. J. Am. Chem. Soc., 4, 1-12 (1882) 

Ref., )•]. C\ Franklin. Z. anorg. Chem., 4S, 1 (1905) 1 


Bismuth 

BiL 

KNH, * 1-2641 

Ihsmutli triiodide is dissolved in liquid ammonia and potassium amide 
Ihen added. The resulting products are bismuth nitride, pota.ssium 
iodide and ammonia. .V similar reaction takes place with bismuth 
bromide. 

BiL, + 3KXIL -- IhX + 3KI + 2XIL 

F. ('. Franklin. Z. anorg. Clicni.. 46, I (19051 

Ret'.. I. Scliurnum and W. C, Fcrncliu.-^. .1. .\m. Cliom. Soc., 62, 2425 


BiE 

KNH, 1-2642 

Ih.'^mutli nitride is formed when bismuth iodid(‘ and potassium amide 
are brought together in liquid ammonia solution. 

BiE + 3KXIE — BiX + 2XFE + 3KI 

K. C. Franklin, J. Am. Chem. Soc.. 27, S4S (1905j 

Ref.. Schumari and Fernelius, J. .\m. Chem. Soc., 63, 2427 (1030j / 
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Bih 

KOH 1-2643 

Bismuth triiodidc reacts witli a very dilute solution of potassium 
liydroxide, yielding bismuthyl iodide together with bismuth trioxidc 
and potassium iodide. 

3Bil3 + 8KOH ^ \m\ d- BhOs + SKI + 4 H 2 O 

Mrtrie-Louise Dclwaullc, Hull. soc. tiiiin.. 63, 1104 (1033) 25 


Bils 

NHaI 1-2644 

By slowly evaporating a saturated solution of bismuth triiodide to 
which has been added a concentrated solution of ammonium iodide, 
reddish-brown hygroscopic crystals of ammonium heptaiodobis- 
muthite are obtained. 

Bila + 4NH4I 4* 3H2O ^ (NH4)4Bil7-3H20 

W. binau, Pogg. Ann. 11, 242 (1860) 


Bil 


Thiamine chloride 


1-2646 


The addition of a solution of Insmuth triiodide to a 10% solution of 
thiamine chloride yields a red microcrystalline precipitate, somewhat 
soluble in glycols, glycerin and acetone, insoluble in ethyl acetate. 

C12H17OSN4CIHCI + 2Bil3 — Ci2Hi70SN4ClHCl-2Bil3 
(’. S. beonard, .1. Am. Pliarin. A., 30, 20 (11)42) 


112 


BiKCh 


H2SO4 


1-2646 


Beautiful glistening crystals of an alum are prepared when the double 
chloride of bi.smuth is tn'ated with concentrated sulfuric acid and 

heated for .‘several hours. 

KHiCb 4- 2112804 KBifSOd^ + (4IIC1) 

P. Hrigham, Am. (‘horn. J.. 14, 170 (181)2) 


I 
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Ei(NO,}3 


CsNOj j.2e47 

Na.2S203 

A concentrated solution of bismuth nitrate in 5% nitric acid will react 
mth a solution of cesium nitrate and sodium thiosulfate. By adding 
alcohol yellow colored crystals of cesium bismuth thiosulfate are obtained. 

Bi(N03)3 + SCsNOs + 3Na2S203 Cs3Bi(S203)3 + GNaNOs 

0. Hauser, Z. anorg. Chem., 36, 1 (1903) £8 



Bi(N03)3 


1-2648 


Ihe action of water on bismuth nitrate produces several hydrolysis 
products. The materials of composition: SBbOs-dNaOs -91120, and 
llBi203-9N205*21H20 which appear in the literature as definite com- 
pounds are found to be mixtures. 


(a) 2Bi(N03)3 + 4H2O ^ Bi203-N2Q5-2H20 -f- 4HNO3 

(b) 4Bi(N03)3 -f 6H2O ^ (Bi203)2-N205-H20 + IOHNO3 

(c) 12Bi(N03)3 + I8H2O + I8HNO3 

F. B. Allan, Am. Chem. J.. 26, 307 (1001) 

Ref., Miller and Kenrick, J. Phys. Chem.. 7. 259 (1903) 7 


Bmhh 

HoO 1-2649 

O2 

If bismuth nitrite is exposed to the action of water and o.xygen it may 
react to yield bismuth subnitrate and nitrous acid. 

2Bi(X02)3 + O2 + 2H2() ^ 2Bi0X03 -f 4HN(), 

W. C. Ball, J. Cliem. Sor. (London). 97, 1410 (1910) lOS 


2 

2O 


1-2660 


When bismuth nitrite solutions are exposed to air a scum of bismuthyl 
nitrate appears on the surface. 

(a) Bi(N02)3 ^ BiON03 + 2NO 

(b) 2Bi(N02)3 + 02 + 2II2O — 2BiOX()3 + dHNO. 

W. C. Ball, J. Chem. Soc. (London). 97, 1410 (1910) S7 
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BiCNOOs 

Decomp. 1-2661 

H2O O2 

Bismuth nitrite decomposes slowly at room temperature (a). It reacts 
with water and oxygen to yield a subnitrate (b); and in combination 
with potassium and cesium nitrites will precipitate sodium quantita- 
tively as in (c). 

(a) Bi(NU2)3 -> BiONOa + 2NO 

(b) 2Bi(N02)3 + 2FI2O + O2 -> 2Bi0N03 + 4HNO2 

(c) -(Bi(N02)3)5-(CsN02)a-6NaN02’’ 

W. C. Ball, J. C'hem. Soc. (London). 97. Bt. 2, 1410 (1010) ^5 


C13H9N 

NH4CNS 


Bi(N03)3 


1-2662 


Bismuth nitrate reacts with ammonium thiocyanate and acridine, 
yielding characteristic crystals. 

Bi(N03)3 + (iNH^CNS + SCuHgN + 0114) 

-- (SNH^NOa d- 3 NH 3 ) + BiH3(SCN)6 (Ci3H9N)3 t)H4) 

A. Lunger, Mikrochem., 26, 71 (1938) 


C2H2N2S3 


Bi(N03)3 


1-2663 


Bismuth nitrate will react with a solution of dimcrcaptothiodiazole in 
potassium hydroxide yielding a red precipitate. 


+ 3(\dl2N2S3 Hi(C’2H^'2^3).3 + 3HX()3 

Dubskv and Okao, Z. anal. ('keni.. 96, 269 (1934) 



C8H5N2S3K 


Bi(N03)3 


1-2654 


Bismuth nitrate will react with the potassium salt of phenyl dithio- 
diazolon sulfhydrate yielding a red precipitate. 


Bi(N()3)3 + 3(’dl5N2S3K — > Bi(CMl5X2S3)3 + 3 KXO 3 

Dubskv and Trtilek. Z. anal. ('hem.. 96, 414 (1931) 


.'H 
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Bi{N03)3 


C6H3(0H)3 

C6Br3(OH)3 


1-2656 


Bismuth nitrate reacts with pyrogallol in presence of nitric acid, yield- 
ing characteristic crystals of yellow color. The same type reaction 
occurs with tribromo pyrogallol. 

(a) Bi(N 03)3 + C6H3(0H)3 CeHaOsBi -f- SHNOa 

(b) Bi{N03)3 + C6Br3(()H)3 ^ CsBraOsBi -f- 3 HNO 3 
F. FeigI and H. Ordelt, Mikrochem., 2, 1S7 (1924) 


Bi(N03)3 

Ci4H2304Na 

Bismuth nitrate, dissolved in 50% glycerin and water, was added to a 
solution of sodium menthyl-succinatc in dilute alcohol. The semi-solid 
precipitate of bismuth menthyl-succinate was washed by decantation, 
extracted \\ith ether and tlried. 85.5% of the hea\'y yellow viscous 

mateiial ^\as obtained and found to be soluble in ethanol, acetone and 
olive oil. 


Bi(N03)3 -f* 3CHH2304Na ^ SNaNOa -f- Bi^CnlLaO^).! 
Lauter and Vrla, J. Am. Pharm. A., 27, 753 (1938) 



Bi(N03)3 

CrK(CNS)4-2NH3 I„2667 

Bismuth nitrate will react with chromic potassium thiocyanate diam- 
moniate (Reinecke salt) yielding a yellow precipitate. 

Bi{N 03)3 + 2CrK(SCN)4-2NH3 + ILO 

-> [Cr(^N)4h-BiOH-2NH3 -h 2KN()3 -b HNO., 


J. V. Dubsky, A. Okac B. Okac and J. Trtilck, Z. anal. (Iumu . 98. IS!) (1934) 




Bi(X()3).3 

H 2 O 1.2658 

In slightly acid solution, bi.'^mulh nitrate hydrolyzes after tlie reaction; 

Bi(X03)3 -h H 2 O ^ BU^NO, -h 2 HNO 3 

F. Joliot, J. Chim. phys., 27, 119 (1930) 69 
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H 2 O 


Bi(N03)3 


1-2669 


Bismuth nitrate hydrolyzes when treated with water giving basic bis- 
muth nitrate and nitric acid. 


Bi(N03)3 + H2O -> BiQN03 + 2HNO3 

C. Kullgren, Sv. Kern. Tidskr., 13, 108 (1901) 



Bi(N03)3 

H 2 O 1-2660 

Bismuth oxynitrate is precipitated wlien a nitric acid solution of bis- 
muth nitrate is treated with water. 

Bi(N03)3 + 2 HOH ^ Bi(QH) 2 NU 3 + (2HNO3) 

K. A. Atkinson, J. Am. Choin. Soe., 20, 802 (1898) / 


Bi(N03)3 


H2SO4 


1-2661 


A nitric acid solution of bismuth nitrate reacts with sulfuric acid 

Bi(N03)3 + HoStb -h HoO ^ HBi()S04 -f 3HNO3 

Heintz and Huge, .1. Prakt. (’licm., 96, 138 (1865) 


25 


Bi(N03) 


KBr 

Cr(N 03 ) 3 - 6 NH 


1-2662 


Bismuth nitrate will react with potassium bromide forming complex 
anions. These in turn will react with chromium nitrate hcxammoniate 
yielding a crystalline precipitate of yellow color which will be hydrolyzed 
by water. 


(a) 


Bi(X()3)3 + bKBr ^ KaCBiBi-g) + 3KNO3 


(b) KaCBiBre) + (’r(X 03 ) 3 *t>X]l 3 CTBiBre-ONIU + 3KNO; 

(c) CrBiBi-fi-OXlU + BiOBr H- CrBrj-ONHa + 2HBr 

Mahr, Z. anal. Chem., 93, 435 (1933) 


>8 
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Bi(X03)3 

K 2 CO 3 1-2663 

Bisinuthyl carbonate is formed when potassium carbonate is added to 
bismuth nitrate dissolved in a strong solution of mannitol. 

2Bi(X()3)3 + K,C(h (BiOsCOa + 2KXO3 + 4NOo -1- 0-. 

\'{uiino :m(l Zumbusch, Bor.. 41, 3904-0 (1008) 25 


Bi(XU3)3 


KI 


1-2664 


1Co(NH2CH2CH..NH2)->(CNS)..] • (CNS) 

Ihsmiith nitrate will form a complex salt with potassium iodide. This 
in turn will react with a concentrated solution of the above complex co- 
balt salt yielding a crystalline ))recij)itate of yellow color. 

(a) Bi(X 03)3 + 4KI K(HiE) -h SEXO.-, 

(b) KfHib) + l(^)(XH2C'H2C'H2XH.2)2(CX8)2j(CXS) {trails) 

-> (Bil4)[Co(Xn2CH2CH2XFl2)2(C^X8)2l + KCX8 

Spacu iuul Spacu, Z. anal. Chom., 93 , 200 (1033) 


28 


KI 


Bi(X()3)3 


1-2666 


Bismuth nitrate reacts with potassium iodide, forming a Idack prccij) 
itate. Dilution with water and heating to 55®-80° yields a red precip- 
itate. 


(a) 

(b) 


Bi(X03)3 + 3KI ^ F^3 + 3KX(43 
Bils + H2O — BiOI + 2Hr 


U. Strebingpr and W. Zins, Mikrochoiii., 6, 168 (1027) 


28 


BifXOo);, 

KNO2 1-2666 

CSNO3 

(NaCl) 

Sodium salts added to a solution of potassium nitrile containing bis- 
muth nitrate and cesium nitrate, precipitate the following compound. 

5Bi(X03)3 + OCsXOa + 30KXO,> + OXaCl 

-> ('CsXC).,),-(XaX02U-5Bi(X02)3 + f24KN(b + (iKCl) 

W. C. Ball, .1. Cheni. .Soo.. ibondon>. 97. 140S (lOlO* 57 
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Bi(N03)3 

(NH^oCOs 1-2667 

Ammonium carbonate is added to a mannitol solution of bismuth 
nitrate, 

2Bi(N03)3 d- 3(NH4)2C()3 (BiOoCOg + ONH.NOa + 2C’()2 

Vanino and Zumbusoh, Her., 41, 3991-9 (1908) 7 

Bi(X(b)3 

NH 40 H 1-2668 

Pure bismuth oxide is lomied when the precipitate obtained by adding 
ammonium hydroxide and carljonate to bismuth nitrate is ignited. 

(a) Bi(N03)3 -h 3NIT40n ^ Hi(()H)3 + (3NH4NO3) 

(b) 2Bi(OH)3 H- A -> BbOs + (SIl.O) 

J. H. Moyer, J. Am. Chem. Soe., (London), 18, 1034 (1896) 1 

Bi(X().3)3 

NaoCOa 1-2669 

■ 

Sodium carbonate is added to a mannitol solution of l)ismuth nitrate. 

2Bi(X03)3 + SXasCOn (BiOU’Oa + OXaXOa + 2CO.> 

^'anino and Zumbiiscli, Hei*., 41, 3994-9 (1908) 7 


Bi(X()3)3 

NaClOa 1-2670 

Bismuthyl chlorate is formed when a hot concentrated soluti(jn of bis- 
muth nitrate is treated witli sodium chlorate and the solution cooled. 

ib(X(_)3)3 -h XaClOa -f- H2O ^ BiOC'U):, -h XaXOs -f- 2HX(43 

Vanino aiul Mussgnug, Her., 60, 323 (1017) 


Jo 


JM(X03)3 


NaNOo 


1-2671 


NH4NO. 

Bismuth sodium ammonium nitrite can be lin’ined by dissolving pow- 
dered bismuth nitrate in a saturated .'^ohition of ammonium nitrite at 0° 
and then gradually pouring this licpiid into an ice-cold, nearly saturated 
solution of sodium nitrite slightly acidified with nitrous fumes. 

Bi(N03)3 + XaXOo + 2XIl4X()-,> 

Bi(X()2)3-(XH4X02)2-NaX0, + 3(0) 

W. C. Hall, J. Chem. rioc. (London), 87, 761 (1905) 
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Bi(N 03)3 

NasSsOg 1-2672 

Bismuth is precipitated quantitatively from a solution of its nitrate by 
adding sodium thiosulfate. 

2Bi(N03)3 + SNasSsOa + 3H2O Bi& + GNaNOs + 3H2SO4 

Faktor, Pharm. Post, 33, 301 


Bi(N 03)3 

A 1-2673 

Bismuth nitrate is converted into the oxide when ignited. 

2Bi(N03)3 + A ^ BhOa + (6NO2 + 30 ) 

H. S. Riederer, J. .\m. Chem. Soc., 26, 908 (1903) / 


Bi(N 03)3 

dimercapto thiadiazol 1-2674 

N N 

II II 

HS— C C— SH 

\ / 

S 

Dimercapto 2 , 5 -thiadiazol gives with trace.s of bismuth salts in acid 
solution a characteristic red precipitate. 

Bi(N03)3 + 3 C 2 H 2 N 2 S 3 Bi(C2 HN2S3)3 + SHNOa 

Dubsk5' and Okdc, Chem. Ob., 9, 3 (1934) 

Ref., Dubsk5^, et al., Chem. Ob., 9, 171, 173 (1934) 5 


Bi(N03)3-5H20 

CiHeOe 1-2676 

A solution of pentahydrated bismuth nitrate will react with a solution 
of tartaric acid yielding colorless prismatic crystals of bismuth tartrate 
nitrate. 

Bi(N03)3-5H20 + C.iH $06 Bi(C4H40f;)N03-5H2() + 2HNO3 

A. Rosenheim and W. \'ogelsang, Z. anorg. Chem., 48, 205 (1906) 
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HCl 


BiO 


1-2676 


Bismuth suboxide will dissolve in hydrochloric acid yielding bismuth 
trichloride and metallic bismuth. 


3BiO -h 6HC1 2BiCl3 + Bi + 3H2O 

S. Tanatar, Z. anorg. Chem., 27. 437 (1901) 



BiO 


1-2677 

By heating bismuth suboxide in an atmosphere of carbon dioxide bis- 
muth oxide and metallic bismuth are obtained. 


3BiO -> BbOa -f- Bi 

S. Tanatar, Z. anorg. Clicm., 27, 437 (1901) 



BiOBr 

KOH 1-2678 

Bismuth oxybromide is decomposed by potassium hydroxide. 

BiOBr + KOH BiO(OH) + KBr 

W. Herz and Muhs, Z. Anorg. ('hem., 39, 115 (1904) 28 


BiOCl 

CaCo 1-2679 

BiaOj 

Bismuth oxychloride is reduced if it is heated together with calcium 
carbide and bismuth oxide: 

OBiOCl + 2Bi203 + 3CaC2 SCaCl.. + 6CO2 + lOBi 

F. V. Kugelgen, Z. Klektrocliein., 7, 574 (1901) 86 


BiOCl 

HI 1-2680 

Bismuth oxychloride reacts with concentrated hydriodic acid. 

3BiOC’l + ()HI 2Bil3 + BiCb + 3H2() 

Muir, J. Chem. Soc., 39, 36 (1881) 
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BiOCl 

KOH 1-2681 

Bismuth oxychloride reacts with dilute potassium hydroxide. 

BiOCl + KOH BiO(OH) + KCl 

Herz and Mulis. Z. Anorg. Chem., 39, 115 (1904) S8 

Bi(OH), 

CHsSHCOONa 1-2682 

A solution of sodium thioglycolate is saturated with bismuth hydroxide. 

On evaporation, yellow colored ncedle-like crystals arc formed. 

Bi(()H )3 + 2CT-ESHCOOXa + SH.O 

(()H)Bi : (SC T[ 2 C()O Xa)o • IOH 2 O 

A. Hosenh(“im and I. Davidsoljn, Z. anorg. Chom., 41 , 231 (1904) 28 


BifOH)3 

KsSeOa ‘ 1-2683 

Bismutli hydroxide, treat(‘(l with excess of concentrated .selenious acid 
at ordinary temperature, yields prismatic crystalsof anhydrous bismuth 
hydrogen selenite. 

2Ri(()H)3 + 4H->Se()3-- BiASetWa- IRSeOa + OHoO 
L. F. XiUoii. Xova Acta Keg. Soc. Sci. I'p-'^'d. Sorio.s3. Vol. 9, Xo. 7, 109 (1874) iO 


Ri(OH):, 


(NH4)2F2 


1-2684 


Bismuth hydroxide will di-'^solve in a boiling .'Solution of ammonium 

fluoride. After 24 hours colorless crystals will be formed. 

% 

Bi(()H )3 + 2(XH4)-.F, -> BiF:rXII.,F + .^XIB + 311.0 

H. V. Hclmholt. Z. anorg. ('licm., 3, n.> (1893) 


28 


Bi(OTI) 


Saccharic acid 


1-2686 


Saccliaric acid was dUsolved in excess pota.'^sium hydroxiflc' and freshly 
precipitat(‘d bismuth hydroxide, suspended in water, was added slowly 
over several hours with stirring. When all the Bi(OH)3 had dissolved, 
the solution was filtered and the bi.smuth cf)mplex pr(‘cipitat('d with 95^o 
alcohol. 

2Bi(OH)3 + CeHi.O, F 2KOII = CeHeOjoBbK. + GH/) 

0. O. Doak, J. .Vm. Pharm. A., 29, lOS (1940; 


in 


HISiMUTII 


(>47 


HCl 


Bi(OII)2X03 

1-2686 

Chloiine and nitrous oxide an* oljtaiuc*<l when basic bismutli nitrate is 
boiled with hydrochloric acid (2:1). 

2Bi(0H)2N03 + 12HC1 ^ 3C1.. 2X0 -h 2BiCl3 + 8 H 2 O 

L. -Moser, Z. jinors. (Micin., 60. (1<U)6) 2 R 


HCl 


BiOl 

1-2687 

Bismuthyl iodide in hydrochloric acid solution on dilution bv IhO yields 
a white precipitate of hydroxo bismuth dichloride, (a); and a brown 
crystalline substance (1)). 

(a) BiOI + 2HC1 — Ih(()I^n.. + III 

(b) - BiOl + 2HC’l — BilCb + H.O 

G.P. Luchinskyand A.T. bikhacheva. J. (Ion. (’Ikmu.. fPSSH),6. 1453 (1030) 00 


HCl 


HiOl 


Bismuth oxyiodide reacts with strong Ijyilrochloric acid. 

4BiOf -h OlK'l -> !3il,, + ^BiCU + HI + 4H,.() 

-Muir, J. Clicin. Soc., 33, 201 (IS7S» 


1-2688 


BiOl 


O2 


1-2689 


Bismuth oxyiodid(* Is d(*composed by ignition in oxyg(*n 

. 4BiOl + O*^ 21. + 2Bi,.O.i 

R. Strebinger and W. /ins. Mikrochein,, 6, 177 (1027) 


BiOXOs 

Ho.C204 4 - H2SO , I- 

A mixtuie of l>ismuth oxynitrate, oxalic acid and sulfuric acid is lu'ated 
to 90-95^ 

2Bi0X03 + (lII.C-Ah -21120 + H^SO, 

(Bi0)2S04 -f- I 9 II 2 O + 900, -h 300 + 2N() 


1-2690 


Iv Jiull. SDC. (.'him.. 23. 201-71 (lOlS.) 
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BiONOa 

H 2 O 2 + NH,OH 1-2691 

A mixture of acidified bismuth oxynitratc and hydrogen peroxide is 
added in large excess to concentrated ammonium hydroxide. 

BiONOs + H2O2 + NH^OH — > Bi203 + “Bismuthperoxyhydrate”. 

Guthbier and Bunz, Chem. Zentr. I, 732 (1909) 25 


BiONOa 

NaCl 1-2692 

H2O 

Bismuth subnitrate when boiled with a solution of sodium chloride forms 
a complex bismuth oxychloride. 

(12Bi0N03 + lONaCl + H..0 Bi .^OiaCli o + lONaNOa + 2HNO3) 

J. B. P. Harrison, Analyst, 36, 119 (1910) 40 


BiONOa 


1-2693 


Paste of bismuth was assayed for its bismuth subnitrate content by care 
fully heating in a tared crucible until molted and then igniting to con- 
stant weight. The residue of bismuth trioxide should not be less 
than 79% of the amount of bismuth subiiitrate in the paste. 

2Bi0N03 ^ BbOj -h NO + NO. + 0. 

Baker and Kutzley, J. Am. Pharm. A., 29, 32-1 (1940) 


112 


H 


BiS 


Bismuth monosulfide is reduced by hydrogen. 

BiS + IL PLS + Bi 

Pelabon, Compt. Rend., 132, 78 (1901) 


1-2694 


25 


HCl 


BiS 


Bismuth monosuifide reacts with hydrochloric acid. 

3BiS + OHCl ^ 2BiCl3 + SILS + Bi 

, Schneider, Pogg. Ann.. 97, 4S0 (1856) 


1-2696 


25 
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BiSl 


1-2696 

Bismuth sulfiodide is easily decomposed by a little heat giving bismuth 
iodide and leavmg a black residue, bismuth sulfide. 

3BiSI BbSa -f- Bila 

N. Tarugi, Gazz. China. Ital., 27*. 325 (1897) e; 


NaOH 


BbCsHgOio 


1-2697 


Di-bismuthyl saccharic acid dissolved in 10% sodium hydroxide yielded, 
upon precipitation by alcohol, the acid, or monosodium salt. The 
sodium potassium bismuthyl salt (b) was obtained from sodium potas- 
sium saccharate and freshly precipitated bismuth hydroxide. 

W CeHgOioBb + NaOH — > CeHTOioBi.Na + H 2 O 

(b) CeHsOfiNaK + 2Bi(OH)3 — ♦ CeHeOioBioNaK + 4 H 2 O 

G. O. Doak, J. Am. Pharm. A., 29, 108 (1940) 112 


Bi2(C03)3 

C2H4O2 1-2698 

2 gram-]noles ot bismuth carbonate to which 4 gram-moles mannite are 
added are boiled with 300 g. of glacial acetic acid for 2 hours using a 
reflux condenser. Bismuth acetate of white color is formed. 

Bi2(C03)3 + r>C2H4()2 ^ 2Bi( C2H30 .)3 + 3 CO 2 + 3 H 2 O 

A. Rosenheim and W. Vogelsang, Z. anorg. Cl»cm., 48, 205 (1906) 28 


Bi2(C03)3 

CH 2 SHCOOH 1-2699 

Bismuth carbonate Is dissolved in thioglycolic acid under gentle lieating. 
After cooling and adding alcohol a crystalline precipitate of deep yel- 
low color, bismuth thioglycolate, is formed. If a boiling solution of thio- 
glycolic acid is used, bismuth thioglycolic acid bismuth is obtained. 
Finally at medium temperatures yellow colored crystal needles of a 
complex bismuth salt are obtained. 

(a) Bi 2 (C 03)3 + GCIUSHCOOH 

2B i(SC H2-COOH)3 + 3144) + 3C'().. 

(b) Bi 2 (C: 03)3 + 3 CH 2 SHCOOH 

^ Bi(8CIl2— CX)())3Bi -h 3Il2() + 3(4), 

(c) Bi2(C4)3)3 + l2CHoSHC()OH -f- nU) 

2 [Bi(SC H2C^OOH)3-(CIl2SliCO()H)3-5H,()] + 3(4), 

Rosenlieirn and I. Davidsohn, Z. anorg. Chom., 41, 231 (lOOlJ 
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CH,SHCOOK 1-2700 

A [solution of potassium thioglycolate is saturated with bismuth car- 
bonate. Deep yellow colored crystals of a complex bismuth compound 
are formed. 

Bi..(C 03)3 + r>CH 2 SHCOOIv -h 9 H 2 O 

-^ 2|Bi(SCPl2COOK)3-0H2O ] + SCO. 

A. Rosenlioim anti I. Davidsohn, Z. anorg. Chcm., 41, 231 (1904) ^8 


HCNS 




1-2701 


BL^muth carbonate is added to a 10*; (■ solution of hydrogen thiocyanate. 
Ciystals of yellow color are formed. When the solution of hydrogen 
thiocvanate is saturated with bismuth carbonate, and afterwards con- 
centrated in vacuo over sulfuric acid, needles of bismuth thiocyanate are 
formed. 


(a) Bb(C' 03)3 + -IHCXS -f 9H.() ^2[Bi(()H ) (SC Xp.-SHoQ] + SCO-, 


(b) Bi,((’03)3 + (iHC'XS + 25IL<> -> 2lBi(SC_X)3j4H.O] -f 3C(b 

A. Rosonlieini iiiul W. Vogolsjnig. Z. anorg. (’licm., 48, 205 (1906) 



Bi2(CD3)3 


HCNS, KCNS, 
NaCNS, NH 4 CNS 


1-2702 


To a solution of bismuth carlmnate in hydrogen thiocyanate potassium 
thiocvanate is added. By concentrating over .sulfuric acid prismatic 
crvst'als of potassium bi.'^nuith hexathiocyanate are fomied. The .same 
type reaction occurs with sodium thiocyanate and ammonium thio- 

evanato. 

(a) Bi..(C() 3 ).i + OHCNS + (iKCXS — > 2K.,Bi(!>('X)s + 3C'0; + 3H.() 
(t)) Bio(('0.,l, + (iHCXS + (iXaCXS 

2Xa.,Bi(S('X). + + 3IM) 

(c) Bi..(C03),, + (ilU'XS + liXIBC'XS 

2(XHi)3Bi(SCXlc + 3t'()3 + 3 H 2 O 

V Kosciilioiin :uh1 ^ ogplsung, tinorg. ( honi.. 48t 205 (1006; 


es 
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A 


Bi2(C204)3 *01120 


1-2703 


Hydrated bismutli oxalate is decomposed by lieating m a closed cnicible 
over a low Bunsen flame. 

Bi 2 (C 204 ) 3 - 6 H 20 2Bi + ( 6 CO 2 ) + ( 6 H 2 O) 

Pattison Muir, J. Chem. Soc., 33, 195 (1S7S) 


91 


(BiO),C204 

Bismuthyl oxalate, when heated, yields bismuth monoxide. 

(Bi())2C204 ^ 2BiO -h 200. 

Tanatar, Z. Anorg. Chein.. 27, 437 (1901) 


1-2704 


25 


H 


BioIU 

1-2705 

Bismuth dihydride when heated in hydrogen yields bismuthine and 
metallic bismuth. 

2Bi2H,. -f- II 2 2Bi + 2BiH3 

Vournasos, (’orupt. reml.. 162, 714 (1911) 25 


Bi,.!!-. 

Bismutli (liliydride is heated in a vacuum. 

SBi.H. -> 4Bi + 2BiH3 

N'ournasos, Compt. rend., 162, 714 (1911 > 


1-2706 


25 


HbOa 

BaCb 

Na2S203 

Dissolve 10 grams ol‘ blsinutli trioxide in 30 ml. of hydrochloric acid 
(d = 1.17). By adding a solution ot‘ 14 grams of barium chloride in 
200 ml. of watei’and a solution of 30 grams of sodium thiosulfate inloO ml. 
ol wat(‘r barium bismuth thiosulfate* is formed. Alcoliol will give 
a yellow coloixsl precipitate. 

(a) HMb -b tilK'l - 2Hi('!3 + 3 II 2 O 

(b) 2HiC'l:. + 3HaC!,. -f- OXa^S^O:. HadBiCS2(33)ah + 12Xa('l 

O. llau.s(*r, Z. ( lu-m., 36, 1 


1-2707 
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BisOa 

BisSa 1-2708 

Bismuth trioxide is reduced by bismuth trisulfide to metallic bismuth 
and sulfur dioxide when a mixture of the two is heated in a current of 
CO 2 , (a). A yield of 90% Bi was obtained. 

A certain amount of basic bismuth sulfate was also recognized (b). 

(a) 2 Bi 203 + BbSa 6Bi + 3 SO 2 

(b) QBhOz + Bi2S3 ^ 8Bi + 3(Bi0)2S04 

W. R. Sclioellcr, J. Soc. Chcm. Ind., 34, 6 (1915) 26 



BbOa 


1-2709 


When bismuth oxide is heated in an atmosphere of carbon monoxide it is 
reduced partly to BiO and partly to Bi. 

(a) Bi 203 “h CO — * 2BiO + CO 2 

(b) BiO “b CO — ^ Bi -f- CO 2 

F. J. Brisbee, J. Cliem. Soc., (London), 93, 164 (1908) 67 


BbOs 


CaC, 1-2710 

Bismuth oxide is reduced to bismuth if it is heated with calcium carbide. 


bBWz + SC’aCo lOHi + 3CaO + fiCOs 

F. V. Kiigelgen, Z. Elcktrocbcm., 7, 573 (1901) 


86 



B’hOz 


1-2711 


Bismuth trichloride is formed when bismuth oxide is treated with 
chlorine. 


BbOa + 3C1.> ^ 2BiC'i3 + (30) 

-Muir, J. Cliein. Soc., 39, 22 (18S1) 

Hcf., Hutchins and Lenlicr, J. .Xm. C'hem. Soc., 29, 32 (1907) 


1 
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BiiOa 

CI2 + HNO3 + KOH J_ 

Dibismuth trioxide was suspended in exceedingly strong solution of 
caustic potash and while this was kept at the boiling point chlorine was 
passed into it. After some hours, the color of the suspended solid had 
changed to reddish-chocolate. When heated with nitric acid, meta- 
bismuthic acid precipitated out. However the reaction is doubtful. 

SBhOa -|- 9CI2 + 3OHNO3 + 18KOH 

^ IGHBiOg + (8KCIO3 H- lOKCl + 3OHNO2 + H^) 

M. P. Muir, 

Hef., R. Gerstl., Bcr., 9, 76 (1876) 


HCl 


BhOj 


Bismuth trioxide reacts with dilute hydrochloric acid. 

BiaOg + 2HC1 2BiQC t + H2O 

Muir, J. Chem. Soc., (London), 39, 36 (1881) 


1-2713 



HCl 

Na2S203 

KCl 
RbCl 

Dissolve 10 grams of bismuth trioxide in 30 ml. of hydrochloric acid, 
add a solution of 9 grams of potassium chloride in 20 ml. of water and a 
solution of 30 grams of sodium thio.sulfate in 50 ml. of water. At a 
temperature of 8° crystals of monohydrated potassium bismuth thio- 
sulfate arc obtained. The same type reaction occurs with rubidium 
chloride. 

(a) HbOs + OHCl 2BiCl3 + 3H2O 

(b) 2BiCl3 + OKCl + OXa.SoOa + 211.0 

-> 2 K 3 Bi(S.. 03 ).vH 20 -f 12NaCt 

(c) 2BiCl3 -f (iUbC’l + ()Xa..S2()3 + 2114) 

2Kb3Bi(S2O3)3-Ho0 + 12Xan 

O. Hauser, Z. anorg. Choni., 36, 1 (190.3) 


Bi203 


1-2714 


054 
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BiA 

HCl 1-2716 

KCl 

Dipotassium chloro-bismuthite is produced when three molecular 
weights of bismuth oxide are dissolved in hydrochloric acid and two 
molecular weights of potassium chloride added. 

(a) BbOa + OHCl ^ 2BiCl3 + SH.O 

(b) BiCb + 2KC1 ^ KoBiCls 

C. P. Brigham, Am. Chem. J., 14, 1G7 (1892j / 


BhO; 


MoO 


1-2716 


A mixture, containing the trioxides of bismuth and molybdenum, the 
latter being in slight excess, is fused. 

BbOa -f 3M0O3 ^ Bi.CMoOda 

Bodman, Z. Anorg. C'iiem., 27 , 254 (1901) 


28 


BioO: 


PCI: 


1-2717 


Bismuth trioxide reacts with phosphorus trichloride when heated. 

7BiA + TPCb 2Bb(P()3)3 + SBiCb + 2BiOCl + POCI 3 

•Michaelis, J. prukt. C’liem. (2) 4, 451 (1871) 


25 


Bid):. 


SO 


1-2718 


Bismuth trioxide is reduced to the bismiithous form by means of SO 2 , 
and also yielding a ‘'basic sulfate.” 

TBiA + 3SO, -> (IBiO -f (Bi2(^3)r3S03 

i). 1 .. llaimmlc-k. J. (’hoin. S«m'. (I.ondoiu, 3, 3N7 {1917) 


25 


BU) 




SiCU 1-2719 

Bismuth trioxide reacts with silicon tetrachloride in a sealed tube 
heated to 370^ to 380®. 


2BiA + 3Si('l4 -> iBiCb -f- 38iO, 

Hauter. 270, 251 (1S92; 


25 



BISMUTH 


055 


SnO 



I^ismuth trioxide is reduced by meaus of stannous oxide. 

Biot >3 + SnO —» SnOo -|- 2BiO 
(*>) BbOa 4- 3SnO SSnO. + 2Bi 

N’aniuo and Tiouhort. Hor., 31, 1113 (1898) 


1-2720 



BioOa 

WO 3 1-2721 

An intimate mixture of tlie trioxides of I)ismuth and tungsten is fused. 

+ 3 WO 3 Bi-,(\VO,)3 

Hodman, Z. anorg. (‘hem., 27, 254 (1901) 26 




1-2722 


Bismutli oxide decomposes 


slowly wlu*n heatcal in a vacuum to 


2Bi,()3-^4Bi -f- ‘MU 


K. Daiiun and K. Kraft Her.. 40, 477.5 (1907) 

W. HdIxmIsoii. .1. (‘horn. Soc.. (London). 94, (2i. 39 (190.S) o7 


BioO, 

HoSO^ 1-2723 

On heating bismuth tetroxide with sulfuric acid, bismuth sulfate is ob- 
tained. 


2Bi,()4 4* (iIl‘.S()4 — 2Bi2(S()i)3 4- hlld) + (O,) 


(). Ilau.scr and 


L. \'anino, /. anorg. ( lion. 


, 39, 3.S1 (1904) 



SiCb 


BioO, 


1-2724 


Bismuth pcntoxich* i-eacts witli silicon t(*trachlorid(‘ when heated to 
370-380® in :) .<ealed tub(\ 


(a) Hiji);, 4“ SiC’b — ' Bi-j< b 4- Sit L 4" 2('l_. 

(b) 2Bi,():, 4- 3SiC'l, -- -iBiCl:, 4- (3SiO, 4- 204 

Uautcr, Ann., 270, 2.>l (!S92i 

Hutchins and Lcnhci\ .1. Ain. ('Ii<’in. Soc., 29, 32 (1907) 
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Ri20 (020^)2 


1-2726 


Basic bismuth oxalate is decomposed by heat. The reaction begins 
at 150^ 


(BhOCCsOOa ^ Bi203 + 2 CO 2 + 2CO) 

Pattison Muir, J. Chem. Soc., 33, 196 (1878) 



Bi202(C204) 

A 1-2726 

By heating basic bismuth oxalate, bismuth suboxide, a black powder, is 
obtained. 

Bi202C204 2BiO + 2 CO 2 

S. Tanatar, Z. anorg. Chem., 27, 437 (1901) 28 

Ref., F. J. Brisbee, J. Chem. Soc., (London), 93, 163 (1908) 57 


BhSz 

CI 2 1-2727 

]3ismuth trisulfide reacts with chlorine at a low red heat yielding 
monothioohlorido besides bismuth trichloride and sulfur monochloride. 

(a) (BbSa + 3CI2 BiSCl + KiCh + S2CI2) 

(b) (2Bi2S3 + 9(12 -> mCh + 3 S 2 CI 2 ) 

M. M. P. Muir ami E. M. Eagles. J. Clioin. Soc. (London), 67, 90 (1895) 25 


BisSj 

FeCIs 1-2728 

Bismuth trisulfide is decompo.*<ed l)y a solution of ferric chloride. 

+ bFeCb -> 2BiCl3 + GFeCb -f- 3S 

Cammerer, Berg u. lliitten Ztg., 60, 295 (IS91J 25 


Fe2(S04)3 

Bismuth trisulfide is oxidized by ferric sulfate. 

Bi-jSs + 3Fe2(SC4)3 — * Bi2(S04)3 -j- 0FeSO4 -1- 3S 

Hanus, Z. Anorg. Chem.. 17, 111 {1898) 


1-2729 
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BiaSa 

I2 1-2730 

BLU 

The compound bismuth thioiodide may be formed by heating a mixture 
of bismuth sulfide and iodine. The same bismuth compound may be 
formed by adding bismuth trisulfide to hot bismuth iodide. 

(a) (BbSa 4- 3I2 ^ 2BiSI -|- SI4) 

(b) (BiaSa + Bila ^ 3BiSI) 

Muir and Eagles, J. Chem. Soc. (London), 67, 90 (1895) lOS 


6 


Bi2(S04)3 


1-2731 


Bismuth, in solution as sulfate or citrate, was deposited in compact 
form by three bichromate cells in series. The reduction goes on equally 
well in a solution containing an excess of citric acid. 

(2Bi(S04)3 + 6 € + 6H2O 2Bi + 6H2SO4 + 3(02) 

N. W. Thomas and E. F. Smith, .\m. Chem. J., 6, 114 (1883) 

Ref., C. F. M., Science, 2. 141 (1883) 73 


NasSiOa 1-2732 

{NH.hS^Os 

LI2S2O3 

A solution of bismuth thiosulfate will react with a solution of sodium 
thiosulfate yielding sodium bismuth thiosulfate, a liquid of yellow color. 

The same type reaction occurs with ammonium thiosulfate and lithium 

thiosulfate. 

(a) Bi2(S203)3 “h 3Xaul>203 > 2Na3Bi(S203)3 

(b) Bi.>(S203)3 4- 3(NIl4)2S203 2(NH4)3Bi(S203)3 

(<^) Bi2(»^203)3 4“ 3Tji2S203 * 2rji3Bi(k!)203)3 

O. Hauser, Z. anorg. C'licm., 36, 1 (1903) 


BORON 

B 


Bio 

Bi'omine rt'acts with lK)ron to loi'in the tribromide. 

3Br2 4- 2B 2BBr3 

H. E. ('dckscHlgc, .1. CluMu. Sue.. (Lomloii), 93, 2177 (1008) 
Ucf., M(^ycr an<l Zappner, Bor., 64B, 550 (1021) 


1-2733 


57 

25 
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CCl 


1-2734 


Boron reacts witli carbon tetrachloride at 200° to 250°. 

4B + 3CCl4^4BC1.3 -h 3(’ 

r. ('. C'hahrie. Hull. Soc. Chim. |3l 7, 18 (1892) 


Co 

Ni 


1-2735 


'I'wo borides of col)alt and nickel are obtained wlien a mixture of the 
elements is heated at >100-1200° in a current of hydrogen. 

(a) 3(’o + 3 B^Co 2B + (’oB. 

{!>) 3Ni + 3B -> NbB + NiB, 

I)u .Jassoiineix. C'umpt. rend,, 143, 807. 1140; 146, 121. 240 
Hel',. .1, L. [lone. .1. .\ni. C'hein. Soc.. 30, 627 flOOS) 


CrD:, 1.2736 

1 wo borides ol cliromium are lormed wlu'ii boron reduces chromium 
oxid(‘ in tli(* (‘lectric furnace. 

3B + 2CrA)3 — (’raB, + CrB 30, 

Du Jassomicix, C'ompf. rend., 143, 807, 1140 (1006); 146, 121, 210 (1007) 

Hcf.. .1. L. Howe. .1. .Vin. (’hem. Soc.. 30, 627 (100K» I 


Fe 


1-2737 


A boride ot iron is prepared by heating a mixture of reduced iron 
with boron either in an eh'ctric or gas furnac(‘. 

B + 2F(‘ FeoB 

Du .Jassonnt’i.N. Compt. rend., 143, 807, 1140 (1006); 146, 121, 240 (10071 
Hcf.. .1. L. Howe. .1. .\m. Chcm. Sor.. 30, 627 M 008i 


H,S 1-2738 

Hydrogen sulfide, mixed with an e(pial voIuiik' of hy<ii-og('n react.s with 
boron when heated to 1.500°. 

2B + 3H,S + (3H,) 

D. Co.stecum, Compt. roiul, 167, 034 (lOHJi 


38 
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B 

MnO. 1-2739 

Two borides of manganese arc fonned when boron reduces manganese 
dioxide in an electric furnace. 

3B -h 2MnO.> ^ MuB^ + MnB + ( 2 O 2 ) 

Du Jassomu'ix, (.'ompt. roiul., 143, 897, 1140 (1906); 146, 121, 240 (1907) 

Hof., J. b. TIowc, .) . .\m. C’liom. Soc,, 30, 627 (1908) / 


PbS 



Boron is melted with lead suUkh*. 


21^ + 3PbS -> BoSa + 3Pb 


Wohlor and Dcvillo, Ann. (’him. 


rhys. (3) 62. 90 (1858) 


1-2740 



Zr 


B 


1-2741 


Zirconium boride can be made by heating a mixture of zirconium and 
boron with the aid of an electric current of 200 amperes and ()5 volts. 
Other borides such as chromium, tungsten, and molybdenum— CrB, 
AVB-., and AIo,iB 4 can be formed l)y a similar method. 

3Zr + IB Zr,B, 

«. .\. Tucker and li. U. .Moody. J. (‘hem. Soe. (London), 81, 15 (1902) 


WJ 


BBr. 


AgCNS 

A small bull) of BBis and dried .VgCNS were placa-d in a bottle with 
pur(* benzene. I'ht' bulb was brolcen by .shaking and tlu' shaking was 
(‘ontiiiued for a few minutes. 1 he soliitum was filtered, and the ben- 
zene removed by evaporation. 

lUh-, f 3AgC'XS -- B(('NS), + (3AgBr) 

II. K. C'Dcksedue. .) . ( hem Sue.. ■ l.oiid-.n 93. 21 7s i l‘i()S‘ 


1-2742 
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BBrs 

CH 3 CN j_2743 

Boron bromide dissolved in carbon tetrachloride forms insoluble 1:1 
addition products with organic nitriles. Methyl, ethyl, phenyl and 
benzyl cyanides all enter into the same reaction. It may be noted 
further that these addition compounds, like amine-boron bromide addi- 
tion complexes, react more or less violently with solvents containing 
oxygen. 

(a) CH3CN + BBra ^ CH3CN • BBra 

(b) C2H5CN -f BBr3 ^ CsHsCN'BBrs 

(c) CeHsCN + BBrj CeH^CN-BBrj 

(d) C 6 H 6 CH 2 CN -f BBra ^ CeHsCHaCN - BBra 

A. R. Johnson, J. Phys. Chem., 16, 1 (1912) 7 


BBr3 

CH 3 NH 2 1-2744 

Several reaction products of boron tribromide with aliphatic amines 
can be prepared by passing the amine into a solution of BBrs in carbon 
tetrachloride. Methyl amine forms a u’hite precipitate; ethyl amine 
yields an amorphous produet; iso-amyl amine reaets to give an insol- 
uble precipitate and aniline fonns an insoluble 1 ; 1 addition compound. 

(a) 2 CH 3 NH 2 + BBrs (CHaNHl. BBr -f 2HBr 

(b) C 2 H 6 NH 2 -f BBi-j C2H5NH • BBi-i -H IIBr 

(c) CsHiiNH. + BBr., -» C 6 Hi,Xn 2 BBr 3 

(d) CsHsNH. + BBra ^ CsH sNHa- BBra 

A. R. Johnson, J. Phys. Chem., 16, 1 (1912) 7 


BBra 

CftHfiN 1-2746 

The cyclic amines, pyridine and quinoline, react also with boron tri- 
bromide in carbon tetrachloride .solution. The first gives a 1 :1 addi- 
tion product which slowly loses hydrobromic acid. Quinoline adds in 
the ratio 1 to 1 giving a stable product. 


(a) 

C5H5N -f BBr,^ CsHsX BBr, 


(b) 

CsHsN BBrs ^ CsIBN -BBr, + HBr 


(c) 

C9H7X + BBr3-> C,H,X BBr, 


A. R. Johnson, J. 

Phys. Chem., 16, 1 (1912) 

7 
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BBra 

(C2H5)8N 1-2746 

Tertiary amines react with boron bromides in carbon tetrachloride. 
Triethyl amine produces a 1 : 1 addition product, (a). Dimethyl aniline 
gives also 1:1 addition, but the product decomposes on slight warming 
in a desiccator (with sodium hydroxide and calcium chloride) to give a 
new substance, (b). This last compound in hot alkali gives rise to a 
white insoluble powder, 

(a) (C 2 H 6 ) 3 N -t- BBra ^ (CsH^sN-BBra 

(b) C6H5N(CH3)2 + BBi-a -> C6H,N(CH3)2-BBr3 

(c) C6H6N(CH3)2 + BBr3 CHaNCcH^ BBi’a + CHaBr 

(d) CH 3 N(C 6 HB)-BBr 2 + KOH -> BN + (other products) 

A. R. Johnson, J. Phys. Chem., 16, I (1912) ' 


BBrj 

Boron tribromide Ls reduced by metallic potassium. 

BBr 3 + 3K 3KBr + B 

A. C. Vournasos, Z. anorg. Clicm., 81, 364 (1913) 


1-2747 



NH 3 


BBra 


1-2748 


A boron imide is formed by the action of ammonia upon boron bromide' 
at a low temperature. 


2BBr3 + 3 NII 3 B2(NII)3 + (6HBr) 


Joannis, Coinpt. reml., 139, 364 
Kef., J. Am. Chem. Soc., 27, 71 (1905) 


B(CNS) 


H.O 


1-2749 


When exposed to moisture, boron thiocyanate is hydrolyzed at once. 


B(CNS)3 + 311011 3HCNS + B(OH)3 


U 


K. Coi'ksoagc, .1. Cliem. Sen*. (Lonaoii), 93, 217H (19US) 


:> i 
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B(C6H6)02 


1-2760 


hen heated to around 300°, phenyl borate decomposes into phenyl 
triborate and tetraphenyl diborate, a dense golden liquid. 

(a) 5B(CaH5)02 ^ B,(C6H5)A + BaCCeHalOa 

(b) 3B(C«H5)0, ^ B3(CeH5)05 -b (CaH 5)30 

H. Schiff and E. Beehi, Compt. Rend., 62, 398 (1866) 


29 


BCI 3 

1-2761 

Silver isocyanate, boron chloride and warm benzene ai'e shaken in a 
flask. The normal cyanate is formed. 

BCI.3 + SAgXCO -> B(XCO)s + 3AgCl 

G. S. Forbes and H. II. Anderson, J. Ain. Chcm. Soc., 62, 761 (1940) 3 


BCI 3 


B2O3 


1-2762 


It was formerly believed tliat the o.xychloride obtained by passing 
boron trichloride over heated boron trio.vide was that shown in (a), 

but later work indicate.s that the product formed is that .shown in 
(•(luation (li). 


(a) 


BCI 3 + BoO., ;3BOCl 


(h) BCb + 2IL();, B/lsCb 

K. Lorenz, Ann., 247, 241 (1888) 


25 


H 


BCI 


1-2763 


Boron trichloride vapor mixed with hydrogen and pa.'^sed over a carbon 
rod at 1800^ produces boron carbide. Silicon tetrachloride and tung- 
sten hexachloride react in a similar manner. 

OBCb + 9H-. d- -I- (KSHG!) 

.1, .\. Priiig and \V. Fieldiii<r, J, f’lieni. S«.c.. {London). 95. I.50U (1909) 


Oi 
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CH3COOH 



1-2764 


Acetyl chloride is formed when lioroii trichloride acts on acetic acid. 

3CH3COOII 4 - BCh 3CH3COCI + (H3BO3) 


Gustavson, 

Kef., V. von Richter, Her., 3, 427 (1870) // 


BCI3 


C2H5NH2 


1-2765 


Ethvl chloride is formed when boron trichloride reacts with ethyl amine. 

3 C 2 H 5 NH 2 + BCI 3 ^ 3C2H5C1 + (B(NH2)3) 


Gustavson, 

Ref., V. von Richter, Ber., 3, 427 (1870) 


BC'b 


CICN 


1-2766 


Boron trichloride absorbs chlorocyanogen gas forming a white crystal- 
line precipitate whose analysis corresponds to the formula given lielow. 
Martius reported this compound, but apparently made no analysis of it. 

BCI3 + CICN BClrClCN 

A. R. Johnson, J. Phys. Chcm., 16, 1 (1012) 

Ref., Martius, Ann., 109, 80 (1850) 


Cr 


HCh 


1-2767 


Wlien boi-un tricl.lorido is can icl in a cuncnt (if liydioKOi. ovoi- finoly 
divided cliromium at 1100=. ehn.miuin boride is formed. 

2IR'b -h 2Ci 4- 311-2 2(’r!i 4- ((niCD 

])u Jassonneix, Ann. Clhin. [si. 17. H'> (imKii 

Ref., J. h. llowo, J. Am. Chmn. Soc., 31, TJM (lOOOi 
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BCL 



1-2768 

Boron trichloride is reduced by hydrogen under the influence of an elec- 
tric discharge. 


2BCI3 -H 3H2 2 B + 6 HC 1 

Besson and Fournier, Compt. rend., 160, 872 (1910) 
Ref., Weintraub, J. Ind. & Eng. Chem., 3. 299 (1911) 

Ref., J. L. Howe, J. Am. Chem. Soc., 34, 148 (1912) 



Boron trichloride is reduced by magnesium. 

2BCI3 + 6Mg ^ MgaBa + 3MgCl2 

Jones and Taylor, J. Chem. Soc., (London), 39, 213 (1881) 


1-2769 





1-2760 


Boron trichloride reacts with licjuid ammonia to produce boron amide. 


BCI3 + GNH3 -> B(NH2)3 + 3 NH,C 1 

Joannis, Compt. rend., 136, 1106 (1903) 

Ref., E. C. Franklin, J. Am. Chem. Soc., 27, 826 (19051 / 


BCI3 

NH 3 1.2761 

Boron trichloride reacts with ammonia at 0 °. 

BCI3 + 6NH3 ^ B(NH2)3 + 3 NHX’I 

A. Joannis, Compt. rend., 136, 1106 (1902) 25 


N2O, 



Boron trichloride is treated with nitrogen tetroxide. 

I6BCI3 + GNsO^ ^ 2B2O3 + 12(BCl3-NOC!) + 30 . 

A. Geuther, J. prakt. Chem., (2) 8, 357 (1873) 


1-2762 
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BCI 3 


Metallic sodium reduces boron trichloride to boron at 150°C. 

BCI 3 + 3Na B + 3NaCl 

Gustavson, 

Ref., V. von Richter, Bcr., 3, 427 (1870) 


1-2763 



BCl: 


O 


1-2764 


Electric sparks are passed through a mixture of boron trichloride and 
oxygen. 

4 BCI 3 + 3 O 2 2 B 2 O 3 + 6 CI 2 

Becker and Michaelis, Ber., 13, 58 (1880) 


26 


BCI 3 

P + O 2 1-2766 

Boron trichloride is passed over red phosphorus in the presence of a 
limited amount of oxygen. 

4BCI3 + 8 P + 0(42 ^ 2B2O P2O5 + (4PCI3) 

W. Kroll, J. Chcin. Soc. (London), 114, 109 (1918) 


P2O6 


BCI 3 


1-2766 


Boron trichloride when heated to 200°C for 2-3 days witli phosphoru.s 
pentoxide forms two double compounds. 

4BCI3 + 2P2O5 ^ P205 B 2()3 + 2 P()C’l 3 -BCn 3 


Gustavson. 

Ref., Von Riciiter, Bcr., 4, 97G (1871) 


BCl 


13 


P 2 O 3 


1-2767 

Boron trichloride is heated with phosphorus pentoxide in a sealed tube. 

2BCI3 + PsOs-^ PBo, 4 - voch-ncu 

G. Gustavson, Ann. Chim. phys.. (o) 2, 200 (1874) 
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POCl 


BCI: 


' 1-2768 

When a stream of boron trichloi'ide is passed into phosphorus oxy- 
chloride, crystals of a double compound separate out immediately. 

BCb + POCb~-> POCb BCb 

Gustavson. 

Ref., Von Richter, Ber., 4, 976 (1871; u 


SO 


BCI, 

1-2769 

A mixture of boron trichloride and sulfur trioxide Is heated to 150° in a 
sealed tube. 


2BC’b + 380.3 ^ 3 SO 2 CI 0 -f B 2 O 3 

(h Gustavson, Ann. Chim. phys., (o) 2, 200 fIS7-}) 


25 


HCI 


3 


so, ’ J.2770 

Boron trichloride acts on sidfur Irioxide to form .SO.CI. and BjOrSO,. 

2BCI, + -ISO, ^ 3.S( ),( '1, + lijO, . SO, 

Gustavson, Gazz. Chim. ital., 3, 199 (lS73i ?/ 


A 


BClvOXlL 

lioron trichloride hexammoniate is heated. 

(aj BClrtiXir, ^ BfXH,), + .IXH.Ci 

fh) 2B(XH,),, ^ B.,(XII):, + 3XH, 

.V. Joaniiis, Coinpt. rend., 135, 1106 (1002) 


1-2771 


25 


ni\ 


AlBrij 

AlCL 


1-2772 


Boron Huoridc reacts with aluminum chloride to produce ;;ood yields of 
boron trichloride. Aluminum bromide react.s similarly. 


(a) 

(b) 


BF, + AlCIn AIF 3 + BCI, 
BF, + AIBr, AIF, + BBr, 


1 :. I,. Gamble, O. (iilmunt ami I. Stilt', J. Am. Chem. Soc.. 62, 1257 (1940) 3 
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CaO 


l^F: 


Boron trifluoride is absorbed by calcium oxide when wanned 

8BF3 + 4 CaO -- 0a(B02)2 + 3(’a(BF^)2 

J. Davy, New Edin. Phil. J., 17, 24G (1S12) 


1-2773 


25 


BF3 

H 3 BO 3 1-2774 

An excess of boron fluoride is passed into solid orthoboric acid contained 

in a “Pyrex” flask. The contents of the flask soon becomes warm and 

the contents liquefies. The liquid distills and giA es a (luantitative yield 

of (lihvdroxvfluoboric acid. 

» % 

4II3BO3 + 2BF3 -> 2(HB().2 H2F2) -f 4IIBO2 + H2F2 

E. J. Sowa, J. W. Kroeger andJ. A. Niouwlaiid, J. Am. Chem. Soc., 67, 454 (1935) 3 

BF3 

H 2 O 1-2776 

Boron fluoride is ptu'^sed into water until the increa.se in weight cor- 
responds to the ratio of one lioron fluoride to two waters, and the solu- 
tion is distilled at atmospheric prcs.sure. Hydrogen fluoride is given oft 
and a small amount of dihvflroxyfluoboric acid can ])e isolated. The 
yield is only 3 to . 

4H2O + 2BF3 -> 2(Hli()2 H2F2) + JI2F2 

F. .J. Sowa, J. W. Kroegor and .1. A. Niouwland. J. Am. Chom. Soc., 67, 454 (1935) 3 


HoO 


BF3 


Boron triflvioride is pixs.sed into water. 

(a) 2BF3 + 01120 ^ 21 l 3 B ()3 + 3H2F2 

(h) 4BF3 + 3H2O — > H3BO3 4 - 3 HBF,, 

J. Davy, Now Edin. Phil. J.. 17, 246 (1812) 


1-2776 


25 . 


K 


BF 


3 


Boron ti'ifluoride is pas.sed ovei' liealed potassium. 

(a) 4BF3 + 3 K -> 3KBF4 + B 

(h) 2BF3 -h 3 K — > KBF4 -h K2F2 + B 

Gay Lussac ami Thenar, Ann. Chim. phys. II, 69, 204 (1908) 


1-2777 


'0 
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BF3 


NH3 


1-2778 


Borontrifluoride monammoniate is formed when boron trifluoride is 
passed into dry ammonia. 


BF3 + NH3 ^ BFs-NHa 

Mixter, Am. Chem. J., 2, 253 (1881) 

Ref., Kraus and Brown, J. Am. Chem. Soc., 61, 2691 (1929) 



HBF4 


1-2779 


A strong solution of fluoboric acid is treated with nitrogen tetroxide, 
precipitating a gel-like nitrosyl-fluoborate. 


N2O4 + HBF, NOBF4 + HNO3 

Voznesensky and Kursky, J. Gen. Chem. (USSR), 8, 524-8 (1938) 



(C2H5)20 



Boron triiodide reacts with ethyl ether. 

BI3 + 3(C2H5)20 B(0C2H5)3 -h 3C2H5I 

H. Moissan, Compt. rend., 112, 717 (1891) 


1-2780 



BI3 

CgHfiOH 1.2781 

Boron triiodide reacts with absolute alcohol. 

2BI3 + GCsHfiOH 2H3BO3 + 6C2H5I 

n. Moissan, Compt. rend., 112, 717 (1891) lg9 


BN 

HCl 1-2782 

Jioron nitride reacts with gaseous HCl at 050-1050°. 

BN + 3HC1 ^ BCI 3 + NHj 

Montemartini and Losana, Giorn. Chim. ind. applicata, 6 , 323 (1924) 
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BN 

H 2 O 1-2783 

When steam is passed over boron nitride, hydrolysis is complete. 

2BN H- 3H2O ^ B2O3 + 2NH3 

F. Weston and H. Russell, Trans. Far. Soc., 3, 174 (1907) B5 


O 2 1-2784 

Boron hydride is exploded with oxygen. 

BoHe + 3O2 B2O3 - 1 - 3H2O 

Stock and Friederici, Ber., 46, 1959 (1913) 



BO-OCzHe 


1-2786 


Upon heating to 250°-290°, monoethyl borate decomposes into tri- 
ethoxyboron and monoethyl triborate. 

4 BO OC 2 H 6 ^ B(0C2H5)3 -h B304 -OCoH5 

H. Schiff and E. Bechi, Compt. Rend., 61, 698 (1865) 


B2O3 


B(0C2H5)3 


1-2786 


Mouoethyl borate is formed when triethoxyboron is heated with boron 
trioxide. 


IHOCaHs)^ + B2O3 ZBO OC^lh 

H. Schiff and E. Bechi, Compt. Rend., 61. 697 (1865) 


Cu(N03)2 


B(0H)3 


1-2787 


By evaporating a solution containing 2 moles of boric acid and 1 mole 
of copper nitrate to drvne.ss and thereafter heating in a platinum 
crucible to a temperature lower tlian 900°. blue colored crystals of 
copper metaborate are obtained. 

2B(0H)3 + 2Cu(N 03)2 — ' Cu2H20^ + 4 NO 2 + SlhO + 3(0) 


W. Guertler, Z. anorg. Chein.. 38. 456 (1904) 


28 
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NaOH 


BPO 4 


Boron orthophosphate is fused with sodium hydroxide. 

BPO 4 + 3NaOH NaB02 + Na 2 HP 04 + H 2 O 

(1. Prcscher, Arch. Pharm.. 242, 194 (1904) 


1-2788 




B2H5Br 


Boron monobromhydride reacts witii water. 

B2H5Br + 3H2O -> B2O3 -f- HBr + 5H2 

Stock, Ku.ss and Pricss. Ber., 47, 3121 (1014) 


1-2789 




B 2 H 5 I 


1-2790 


Iododibor(tn pontahydride and sorlium react according to the Wurtz 

synthesis. 

% 


2I52HJ + 2Xfi^ BJI,„ + 2XaI 


S. IT. Bauer, J. Am. Chem. Soe., 60, 80.5 n038) 


ILH, 

H.O 1.2791 

I^oron hydride reacts ^■igo^)Usly with water. 

B2II6 + BH2O — 2H3BO3 + OIL 

Stock and Friedcriei , Ber.. 46, l?t.59 (l!)13j 


TUlh 

H.O 1^2792 

Boron hydrides hydrolyze at ditVerent lates. Boron hexahydride 

hydrolyzes with traces of water in a few .seconds, while thedecahvdride 

% 

reacts very .slowly. 


(a) HiHe + GFBO — 2H3B(),, + (iJI, 

(l>) B.H,„ + 12HoO 4H3BO., + nil. 

A. Stock. Z. Idektroclieni.. 19, 780 tl!)13) 
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BsHe 

KOH 1-2793 

Boron hydride reacts with potassium hydroxide at room temperature. 

(a) B2H8 + 2KOH 2KOBH3 + H. 

(b) 2KOBH3 + 2H2O ^ 2KBO2 + 5H2 

Stock and Kuss, Bor., 47 , 816 (1914) 25 


B 2 O 3 

C 1-2794 

Black boron carbide is obtained by heating boron oxide with carbon at a 
very high temperature, e.g. using an electi‘ie current of 350 amp. and 50 
volts to generate the heat. 

B 2 O 3 + 5C + 3CX^ 

0. Mtihlhiiusor, Z. aiiorg. Chein., 6, 92 (1894 ) 28 


B2( >3 

C 4- N 2 1-2796 

A mixture of boron trioxide and carbon is heated to 1300° in an atmos- 
phere of nitrogen. 

B 2 O 3 + 3C' -1- X 2 ^ 2BN + 3(-’() 

A. Stahlcr and .1. .1. Klbcrt, Bor., 46 , 2060 (1913) -^5 


M>0: 


1-2796 


C3H8O3 

When boron trioxidc is lieated with glycerine, water is eliminated and 
a boron gly cerate is formed. 

BiOa + 203113(^3 2 B(C' 3 H 503 ) + 3H2O 

SchilV an^l Bcchi, Coinpt. Rend., 62, 398 (1866) 


B2( >3 


C 2 H 5 OH 

By heating luiron Irioxide with an excess of alcohol at 120° in a sealed 
tube, triethyl boi-ato and l>oric acid are formed. The triethyl borate 
can be separated from the excess alcohol by fractional distillation. If 
an excess of boron trioxide i.s u.sed instead of an excess of alcohol, 
then a mixture of mono- and triethyl borate is toimed. 

(a) B 2 O 3 4 - BC^MbOM — B(()C’2H5)3 4- IBBO;! 

(b) 2B2()3 4 - ' 3B() ()C 2 lI-i 4- H 3 BO 3 

II. SehitY imd K. Bcchi, C.mipt Rend.. 61. 697 il865t 


.'5 
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CsHsOH 


B2O3 


1-2798 


With phenol, boron trioxide forms phenylboiate in an impure condition. 
At a higher temperature the phenylborate reacts with boron trioxide 
and metaboric acid forming phenyl triborate. 


(a) B2O3 + CeHsOH -> B(CaH5)02 + HBO. 

(b) 2B(C6H5)02 + 2 HBO 2 + B 2 O., ^ 2 B 3 (C 6 H 5)05 + H 2 O 

H. Schiff and E. Bechi, Compt. Rend., 62, 398 (1866) 


B2O3 

C16H33OH 

When boron trioxicle is heated with cetyl alcohol, 
and boron cetylate is formed. 


1-2799 

^\•ater is eliminated 


B2O3 + 2C16H33OH 2 B(CuH 33)02 + H2O 

4 

H. Schiff and E. Bechi, Compt. Rend.. 62, 397 (1866) 





1-2800 


Boron trioxide, or better anhydrous borax, may be reduced by an equiv- 
alent amount of metallic calcium or C’aH2. The reaction is performed in 
a crucible, 5 to 10 % excess ot C aO being added to moderate the violence 
of the reaction. Ignition is accomplished by igniting a fuse mixture of 
sodium peroxide and metallic calcium with magnesium ribbon. 

(a) B2O3 + 3 Ca 3 C’aO + 2 B 

(^) Xa2B,,07 -f OCa Na.Q + 6CaO + IB 

(c) 2B2O3 + 3 C alL -> IB + 3 CaO + 3H2O 

F. iM. Perkin. Trans. Far. Soc., 3, 115 (1907) 



B2O3 

CaFa I_2801 

Boron trifluoride is prepared by warming a mixture of boron trioxide, 

calcium fluoride and 100% sulfuric acid in a resistance glass bulb in 
vacuo. 

B2O3 + 3 CaF 2 + 3 H 2 S 0 ^ 2BF3 -f WuSO, + 3H2O 

Clerman and Booth, J. Phys. Chem., 30, 36!) (1926) 

Ref., H. E. Watson and K. E. Ramaswainv, Proc. Rov. 6oc-. (London) 166A, 137 
(1936) “ no 
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CaO 

SrO 

MnO 


H2O3 


1-2802 


By fusing togetlier boron trioxide with ealeium oxide (ratio 10:1) two 
layoi'S of liquid are formed. On cooling, the lower layer will yield 
crystals of calcium hihorate. The .same type reaction occurs with 
strontium oxide and manganous oxide. 


(a) 

HsOj -f- ( 'aO — 

C’aO BsOs 

(b) 

B2O3 d~ SrO — 

-* Si‘(d • Bst ).i 

(c) 

2B2O3 d- -MnO - 

AlnO • 21^2^^ 


\Y. (Uiertler, Z. anorg. Cliom., 40, 225 (1004) 




Cl: 

c 


lU ), 


1-2803 


Chlorine is passetl ov(‘r a >tnn)gly lieahsl luixtuic (»f boron trioxidc 
and carl)on. 

B20a + 3C d- ;3C’]2 2BC'b + .SCO 

H. Dumas. Ami. ('liim. Phys. (2) 31, 340 (1X20) 




lU) 


.T 


CuO 1-2804 

By fusing togetluM’ boron trioxide and co])per oxide (ratio 10! 1) two 
layers of licpiid are formetl. On cooling, the lower layer will yield 
crystals of copp(‘r metaborate. The same type reaction occui's with 
cerium oxide, neodymium oxide, pra.seodvmium oxid(‘, lanthanum oxid(‘, 
gadolinium oxide, and samarium f)xid(‘. 


(a) 

(I» 

(c) 

(<n 

(e) 

(f) 

(gO 


\Uh + CnO CulUt, 

MU d- i'Uh (V,(b-31U), 
d“ Xd^tb”* X'd-jOu ■ .BCO.'i 
:iB->Oa d- Br-iO, — VUh 'MUh 
3H2();i d“ l-a-.>0.( l-iiL'O.t • 3H20,( 

.3IU):, d- Od^Oj -> ihUy^ MUh 
3lbO, d- Sm-j<b- ' Sm-jO.r^IU),, 


W. Cucrller, Z. aiK.ig. t'lu'in.. 40, 1225 lOOh 


',S' 
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B20a 

HBr 1-2805 

When boron trioxide is dissolved in absolute alcohol and then treated 
with a current of dry hydrogen bromide, boron tribromide is formed. 

B 2 O 3 + GHBr -> 2 BBr 3 + SHzO 

J. Nickles, Compt. Rend., 60, 801 (1865) S9 


B2O3 

HCl 1-2806 

When boron trioxide is dissolved in absolute alcohol and then treated 
with a current of dry hydrggen chloride, boron trichloride is formed, 
which remains in solution in the alcohol. 

B2O3 + 6HC1 ^ 2 BCI 3 -h 3 H 2 O 

J. Nickles, Compt. Rend., 60, 800 (1865) S9 


B2O3 

HF 1-2807 

Liquid hydrogen fluoride run into a liter copper beaker is cooled in an ice 
bath. After the hydrogen fluoride has been cooled to approximately 
the temperature of the bath, boric oxide is added. Dihydroxyfluoboric 
acid forms and is distilled over. 

(B 2 O 3 + H 2 O + 4HF ^ 2FB(0H)2HF) 

.J. W. Kroeger, F. J. Sowa and J. A. Nieuwland, J. Am. Chem. Soc., 69, 965 (1937) S 


B2O3 

1-2808 

Boron trifluoride is prepared by dissolving fused and powdered boron 
trioxide in 100% sulfuric acid and adding calcium fluoride. Sulfur 
trioxide and hydrogen fluoride are removed by a dry ice-alcohol trap. 

The boron trifluoride is liquefied at the temperature of liquid air and 
fractionally distilled. 

B2O3 + 3CaF2 "h 3H2SO4 — ^ 2BF3 + (3CaS04 -h 3H2O) 

C. R. Bailey, J. B. Hale and J. W. Thompson, Proc. Roy. Soc. (London), 161A, 

108 (1937) 
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H 4 P 2 O 


B2O3 


1-2809 


Boron trioxide is fused with pyrophosphoric acid to 250° 

B0O3 + 2H4P2O, = 2BHP2O7 + 3H2O 

B. Levin, Brit. Pat. (1917) 116,735 


25 


KOH 


B 2 O 3 


Boron trioxide is fused with potassium hydroxide. 

B2O3 -f- 4 KOH KilW, + 2 II..O 

C. L. Bloxam, J. Cliom. Soc. (London), 14, 143 (1862) 


1-2810 



B 2 O 3 

Mg 1-2811 

Boron trioxido is reduced by magnesium. 

(a) iigOa + OiMg — > AIg 3 B 2 + 3AIgO 

(b) B 2 O 3 + ^ 21^ + 3MgO 

Jones and Taylor, J. Chom. Soc. (London), 39, 213 (1881) 25 


B2O3 


Mg 


1-2812 


When boron trioxide is heated with twice its weight or more of finely 
powdered magnesium in a tiglitiy covered iron crucilde magnesium 
boride is formed (a), whicli hydrolyzes in water at ()°C, and lii^erates 
H 2 . 


(a) 

(b) 


B2O3 + OMg -> Mg3B.. + 3 Mg() 
Mg3B2 + (ilbO Mg3B2-(()iI)6 + 3II.> 


F. Jones and U. L. Taylor. ,1, Clicni. Soc., 39, 213 (ISSl; 

IM., K. C. Bay and V. Linha, J. (‘horn. Sue. (1935), p. Ui'.U 


/ , 
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B2O3 

MgO 1-2813 

CoO 

NiO 

By fusing together boron trioxide and magnesium oxide (ratio 10:1) 
two layers of liquid are formed. On cooling, the lower layer will yield 
crystals of magnesium pyroborate. The same type reaction occurs 
with cobaltous oxide and nickelous oxide. 

(a) B2O3 -j- 2AIgO — (Alg0)2'B203 

(b) B2O3 + 2CoO (CoO)2-B203 

(c) B2O3 + 2NiO ^ (Ni 0)2-B203 

W. Guertler, Z. anorg. Chem., 40, 225 (1904) 


B2O3 

MnaC + C 1-2814 

Boron trioxide mixed with caiLon and manganese carbide is heated 
stronalv in a carbide crucible. 

3B2O3 + MnsC + 8C* -> 3MnB2 + 9CO 

Troost iukI Hautefeuilc, Ann. C'liini. Pliys. (5), 9. 65 (1875) 


NH3 


B2O3 


Boron trioxide is heated in a stream of ammonia. 

B2O3 + 2NII3 ^ 2BN + 3H2O 


Moser and Eidmann, Ber., 35, 536 (1902) 


1-2816 



NasCO.i 



Boron 


trioxid(* is heated with sodium 


carbonate. 


2B2O3 + Na2C03 NaaB^Oi + CO2 


llonig and Spitz, Z. angew. Cliem., 9, 540 (1896) 


1-2816 



liORON 


G77 


NaOH 


B.O 


1-2817 


Boron trioxide is fused with sodium hydroxide. 

B2O3 + GNaOIT 2Na3B03 + 3H2O 

C. L. Hloxum, J. Choin. Soc. (London), 14, 143 (1862) 


25 


NajSO^ 


B2O; 


1-2818 

By heating B2O2 with sodium sulfate to 500 ° the result will bo sodium 
tetraborate and sulfur dioxide. 


2 B 2 O 3 + XasSO^ Xa.B^Ov + SO 3 
M. G. Levi and O. Garavini, Gazz. Clnin. Ital., 41', 780 (1911) 


21 


B2O. 

PBrs 1-2819 

When boric oxide and phosphorus pentabromi<le are heated to ] 40 °C. 
in a sealed tube, boron tril)ron\ide is formed. 

B 2 G 3 + 3PHr5 -> 2nHi; + (8POBr3) 

G. Guslavson, 

Ucf., W N on Uichter, Hor., 2, (KU (18G9) 11 


BoO, 


PCI 


1-2820 


When boric oxide and pliosphorus pentachloride are heated to 140 °C in 
a sealed tube, boron trichloride is formed. 

Wh + 3PCI5 2 BC’l 3 -h (3POCI3) 

G. Gustavson, 

Ref., Von Uiclder, Bor., 2, 661 (1869) 


11 




PCI 


1-2821 


A mixture containing boion 1rio\id(‘ and an excess of pliosj)}ioi’us penta- 
chlorifle is heated to 150° in a .<(‘aled tube. 

(a) r>lU):> + (iPCl, -> lOHCl.i + 3P2()5 

(b) lUh + 3 PCI 5 2nch + 3 POCI 3 

G. CJustavson, Ann. (’Iiim. Bliys. 15|, 2, 20U 


2 o 


678 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


B2O3 

POCI 3 1-2822 

Boric anhydride when heated with, phosphorus oxychloride to 150-170°C 
for 8-10 hours in a sealed tube forms phosphorus pentoxide and boron 
trichloride which in turn react to form two double compounds. 

2 B 2 O 3 + 4 POCI 3 P206-B203 + 2POC13-BC13 

Gustavson, 

Ref.. Von Richter. Ber., 4, 975 (1871) 


B 2 O 3 

POCI 3 1-2823 

Boron trioxide is heated with phosphorus oxychloride. 

B 2 O 3 + 2 POCI 3 ^ BPO 4 + BCI 3 POCI 3 

G. Gustavson, Zeit. f. Chem. (2) 7, 417 (1871) 



B 2 O 3 ■ P 2 O 5 


1-2824 


The double compound of boric oxide and phosphorus pentoxide loses 
its solubility in water on being strongly heated. 

B203-P205 ^ 2 PBO 4 


Gustavson, 

Ref., Von Richter, Ber.. 4, 976 (1871) 



B 2 O 3 • SO 3 


1-2825 


The addition product of boric oxide and sulfur trioxide is decomposed 
by water forming boric and sulfuric acids. 


B 203 -S 03 + 4 H 2 O ^ ^HaBOs + H 2 SO 4 

G. Gustavson, Ber., 6, 11 (1873) 

- ... -I- 



CO2 

Boron trisulfide reacts with carbon dioxide at 300°. 

B 2 S 3 "h 3 CO 2 B 2 O 3 + 3S -h 3CO 


D. Costeanu, Compt. rend., 167, 934 (1913) 


1-2826 
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CjHftOH 


B3(C6H5)05 


1-2827 


An alcoholic solution of phenyl tiiborate decomposes on prolonged boil- 
ing, foiming phenyl borate, triethyl borate and boric acid. 


B3(C6H5)05 + 3C2H5OH B(C6H5)02 + B(C2H6)303 + H3BO3 

H. Schiff and E. Bechi, Coinpt. Rend., 62 , 398 (1866) 


29 


KOH 



1-2828 


Crystalline potassium borate is formed through reaction of boron 
decahydride with potassium hydroxide. 


BjH,o + 4 KOH -> 4BH3OK + H2 

A. Stock, Z. Elektrochein., 19, 780 (1913) 


B4H10 

NaOH r-2829 

% 

Boron decahydride reacts with sodium hydroxide. 

(a) Bdlio + 4XaOn ^ 4XaOBIl3 + H 2 

(b) Bjllio “h 4X'a(4H -|- 41120 — ♦ 4N'aB()2 4- IIH 2 

Stock and Massenoz, Bcr., 46, 3639 (1912) >5 


H2O 



1-2830 


Boron nonahydride react.s witl» water wlien heat(*d in a sealed tube to 



Bsllo 4 - lolM) -> olldKb + I2H2 


Stork and Kus.s, Her., 66, S()2 (1923 



Bdl 


NH 


1-2831 


Boron nonahydride absorbs ammonia wlien treated with a large excess. 

II 3 II 0 + 4MB — HsH. 4X1B 

Stock and Sicckc. Her., 57B, 562 (I92U 


!■'} 
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0^640? 

C + N 2 ' I“2832 

Calcium tetraborate is mixed with charcoal and heated strongly in an 
atmosphere of nitrogen. 

CaB407 + 8C -f 3N2 4BN + CaCNg + 7CO 

Stabler aiul Elbert, Ber., 46, 2060 (1913) 


C’aTLO? 

Na3P04 

Calcium tetraborate is fused with st)dium orthophosphate. 

3CaB407 + 2Na3P04 Ca3(P04)2 + 3Na2B407 

Schuster and Wilhelmy, Ger. Pat 94050 (1897) 


1-2833 


26 


CalLOr 

NaoSiFc 

Calcium tetraborate reacts with sodium fluosilicate and water. 

SCalLO: + Na^SiFr. + dlld) -> Xa.ILB.sOoi + SCaFs + H 4 Si 04 

Rickinatin aiul Uappe, Ger. Pat. ‘ts759 (IS9S) 


1-2834 


25 


SiF, 


CaB407 

Calcium tetraborate is decomposed i)y silicon tetrafluoridc. 

2 CaB .,07 + SiF4 4B2O3 -h SiO, + 2C’aF2 

Uickinaim and Rappe, Ger. Pat. 96,196 (lK9t,) 


1-2836 


25 


CadbOs 

CI2 + HoO 

Calcium oxytetrabonite reacts with cldorine and water. 

8Ca2B.,0« + OCI2 + 18114) 12H3BO;-. + Ca(C103)2 + 5CaCb 

C. C. Mnore, Brit. Pat. 20,384 (IS99j 


1-2836 


25 


CI2 H2O 

Natural calcium oxytetraboratc is suspended in water and treated with 
chlorine at ()0-8()°. 

3(Ca2Bi05-3H20) + OCb + DILO ^ 12H.-,H03 + oCaCb + Ca(C103)2 

Moore, Ger. Pat. 118,073 (19tH») 


1-2837 


25 



l^OUON 


081 


NflsCOa 


( a.HfiO 


1 1 


1-2838 


HoiJix is obtuinod froin (‘iilciiu'd coUMiianiti^ or borato by procosst's basod 
on tlio follow ing reactions. 

(a) 2C'a2H6()!i + 2Xa2('().-i + 2 XalI(’() 3 .SNasH^O? 

+ 4 raC ’03 + HoO 

(b) 2('a2H6()ii -h SXaoC'Oa -f- C’O, ^ SXa.lbO; + dC'aCOj 

Burton (1. Wood. Clicin. Mot. Kiik-, 30, 070 (1024) 


44 


('u(H(.) 2)2 

^ 1-2839 

Hy heating cupric inotal)oratc at a temperature of !)o()°, brown colored 
crystals of cuprous scsqui-borate are obtained. 

GCu(B02)2-> ((’u 2())3*H203 -h GlUb + 3CO) 

W. (luortlor, /. unorj;. C’lioin., 38, 4")0 (1004) 28 




1-2840 


Iron ))oride, containing about 20^ ^ B, is pulvtaizetl and heated in a 
closed taau‘il)l(‘ to 300 loo'll 'I'lu'n gas(M)us jjydrogcn >ullide is I(m 1 
over it (must 1)(‘ ab.^ohitc'lv dry), d'herj tin* wliolc mass is cooled and 
the sulfur separattal from tin' tiny crystals of boron sulfi<le by leaching 
with carbon disulfide. 


IVB 4- lIjS - ‘ BS -h Fe + H. 


J. IIofTinann, Z. aiiKC'W. ('Iicni.. 19, 


i:i <;2 ( 10 ( 10 ) 




IVdi 


1-2841 


Ferric l)oride is r(‘du<‘(‘<l by heating 

2Fe->B + 3Se - 


wit h sehaiiniu. 
. B,S(‘, 4- iFe 


.1. IIolTmaiin, C’hoiii. Zti:-. 35, 71-4 
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HBF4 

NaNOs 1-2842 

4-amino-3-nitrophenetole 

The addition of a cold solution of sodium nitrite to a well-cooled mix- 
ture of fluoboric acid and 4 -amino- 3 -nitrophenetole with stirring precip- 
itates the diazonium fluoborate. 

(a) HBF4 + NaNOz ^ HNO2 + NaBF4 

(b) C2H60C6H3(N02)NH2 + HNO2 + HBF4 

— C2H60C6H3(N02)N2BF4 + 2 H 2 O 

Demers and Lynn, J. Am. Pharm. A., 30, 627 (1941) 


HBO2 

C 4 O 6 H 6 1-2843 

Polarimetric measurements reveal the existence of a boro-ditartaric acid 
in solutions of metaboric and tartaric acid : 

(HBO2 “b 2C40eH6 — > BC4O6H3 • C^OeHe H“ 2H2O) 

M. Darmois, J. Chim. phys., 23, 130 (1926) 

Ref., J. L. Delsal, J. Chim. phys., 36, 350 (1938) 


KI 

KIO3 


HBO2 


1-2844 


Metaboric acid reacts with potassium iodate and iodide in the presence 
of mannite, liberating an amount of iodine equivalent to amount of 
boron present, 

5 KI KIO3 -p 6HBO2 — * 3I2 * 1 ~ GKBO2 "b 3H2O 


L. C. Jones, Am. J. Sci., 158, 127 (1899) 
Ref., J. Am. Chem. Soc., 21, 101 (1899) 
Ref., Rev. Am. Chem. J., 6, 101 (1890) 


HBO2 

NaH02 

Solutions of metaboric acid and sodium hydrogen peroxide react near 0 °. 

HBO2 + NaHOs ^ NaBOa + H2O 

H. J. Calvert, Ber., 38, 513 (1901) 


1-2846 


B5 
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NaCl 


H 2 B 4 O 7 


1-2846 


Undei Oldinary conditions tetraboric acid reacts with sodium chloride to 
give sodium tetraborate and hydrochloric acid. 


H 2 B 407 + 2NaCl Na 2 B 407 -h 2HC1 

M. O. bi*vi aiu! S. Castelluni, Gazz. cliim. ital.. 40, 155 (1910) 



Ba(OH)2 


H 3 BO 3 


1-2847 


By adding a solution ot boric acid to an excess of baryta water an amor- 
phous precipitate of barium sesquiborate is obtained. Wien the mix- 
ture is heated barium monoboratc is formed. 

(a) CHsBOa 4- 2 na(C)H )2 ^ (BaO^o-^.O^IhO -1- 4 H 2 C) 

(b) 2 H 3 B ()3 + Ba(OH )2 — BaO • B 2 O 3 • 2 H 2 O + 2 H 2 O 

A. /Vtterborg, Z. anorg. Clicm., 48, 3G7 (190G) 28 


II 3 BO 3 

1-2848 

Crystalline boron carbide, the hardest artificial abrasive known, is pro- 
duced from boric acid and carbon. 

(4H3BO3 + C’ ^ lU’ + blhO 4- 302) 

U. iM. Curts, Cliem. Iiul., 47, 372 (1940) 84 


H 3 BO 3 

CaCNz 1-2849 

Boric acid is heated strongly with calcium cyanamide. 

2 II 3 BO 3 4- CaCN. 2BX 4- (CaO + SHoO 4- CO 2 ) 

W. Kroll, Z. atiorg. Chom., 102, 1 (1918) 25 


luno, 

CaCb 1-2860 

The double oxide of calcium and boron was obtained when boric acid 
was fused with calcium chloride in the presence of .sodium and potas- 
sium chloride. 

2H3B()3 4- C’aCb CaOIbOa 4- (2I[C'l -b 21120) 

Ditte, Coinpt. rend., 80, 190,501 (1S75) 

Uef., ( 1 . W, Sargent. .1, Atn. (’hetn Soe , 21, stil (ls99i / 


OSI 
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II 3 HO, 

CaO 1-2861 

Tioron trioxide is formed ^vhell boric acid solution is evaporated to dry- 
ness with lime and ignited. 

(a) 2H3BO3 + 3 C’aO ^ Ca3(B03)2 + (3H2O) 

(b) Ca3(B03)2 + A B2O3 + ( 3 CaO) 

Gooch, Am. Gliein. J., 9, 23 (1887) 

Kef., G. \V. S:ir|r(.nt , J. Am. Chem. Sue.. 21, .S(j2 (IMM)i / 


IIsBOa 

C. 1 O 5 HC 1-2862 

Orthoboric acid forms a le\ o-rotating complex compound with malic 
acid : 


(H 3 BO 3 “b 3 C 4 O 5 H 6 — * H. 3 BO 3 • 3 C 4 O 5 II 6 ) 

M. Durmois, J. Ghim. jjliys., 23, 130 (192(i) 

Kef,. .1. I,. Delsal, ibid.. 36, 3.30 (1!)38» 



II 3 BO, 

H 2 F 2 1-2863 

Fluol)oric acid can be i)repared by adding boric acid to a concentrated 
(48 per c(‘nt) solution of hydrofluoric acid. 

IbB03 + 2 n 2 F‘ - ’ IIMF 4 + 'MUO 


W illard K. Line and Paul W . .\radi iie . I nd. Ltif;. Ghcni. . .\nal . Kd 9, 00 (1937) 


u 


II.4K ), 

HoSO, + SO 3 1-2864 

Itoric acid when heated with fuming .<ulfuric acid foiins a sulfur ti’ioxidc 
addition jn'odnct with the com|>ound first piodnced. 

( a ) Il.'iHt )3 — ' INK).) -f- 1 Ft ) 

(b) IIIK). + II2SO.1 + SO;, — IKOinSOrSO;, + IfoO 

('. Scdiultz-.Sellaek, Her.. 4, lo (ls71) 


II 




KIO, 

KI 


1-2866 


Boric acid. p{*riodatcs, and iodi^lcs n-act to gixe iodalcs. iodine, water, 
and j)ota.ssium teti’aborate. 

KIO. t 2Ki + illd^o.; ■ K|(», -L I-, r K,B,07 -f- iin,.o 

Willard and 1,. 1 1 A drat liouse. J . .\ni. < lifiii . Sue, , 60, JsOll < llKls > 


> 

,) 



l^OHOX 


085 


1 

K 2 W ^04 *21120 1-2866 

. Klein was tlie first to discover and describe tlie borotungstates. lie 
reacted boric acid with alkaline tungstates to obtain two series of com- 
pounds. rhe formulas which he ascribed to them, however, are in error. 

(a) “IbOa - UAV03*3K2() -h aq.’' 

(b) "B2O3 • yW03-2H20 + aq.'’ (etc.) 

D. Klein, Ann. chini. pliys. (5), 28, 370 (1883) 

Ref., H. Copaux, Compt. rend., 147, 973 (lOOS) 38 


1-2867 


H 3 BO 3 

LiOH 

H2O2 

Hydrogen peroxide changes a mixture of lithium hydroxide and ortho- 
boric acid to lithium perl)orate an<I watei'. 'I'lie perl)oratos of K, Rb, 

Cs, and XIIj may be made in a simihu- manner. 

H3B()3 + IdOH 4- IWi biBO;, -|- Slid) 

(). T. Christensen, Oversifit Kon«:. I )an. \'id. Sel. Korh., U'H)} ) . p. 109 lO 


Mg3N2 

Boric acid is heat('d stimigly with magnesium nitride. 

4 - OlliBO;, -> 2 B 3 X 4- (3Mgf) + OHoO + 30>) 

\V. Krnll, Z. anorg. C'lieni.. 102, 1 (ItU.S) 


1-2868 


'o 


Iljid)., 

Mn.C 1-2869 

Manganest* caibide I'cacls witli bmic aci<l wlicn heated, to lorm >mall 
gray violet crystals of mangan(‘s(* boiide. 

AliriC 4- 2Il3B()3”> Mnlb 4- (2.Mn(()II)2 4- H-jO + 

Ilentnnger, Iter. (I), 9, 190 (1H71)) 


IldK b 


NH3 

NaCl 


1-2860 


solution <'ontaining l)ori<‘ acid and ''idnim clihnidc* rcaets witli am 
monia. 

lll.JtO, f 2Xa( l ‘ 2XII, 1 2X11, ('I ! 5ll,(' 

l)i’<xsc*l ii\\t\ idMiliolt, lint, l\il . 11 |VM 
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H3BO3 

Na2C03 1-2861 

By heating boric acid with an excess of sodium carbonate, sodium tetra- 
borate, carbon dioxide and water will form. 

Na2C03 4H3BO3 — ^ Na2B407 -p CO2 ri" 6H2O 

M. G. Levi and S. Castellani, Gazz. Chim. Ital., 40^ 138 (1910) 21 


H3BO3 

Na 2 C 405 H 4 1-2862 

A polarimetric study of the system: boric acid-sodium malate reveals 
the formation of a dextro complex compound, stable in solution only. 

(4H3BO3 4 “ Na2C406H4 — > Na2C405H4 • 2B2O3 6H2O) 

M. Darmois, J. Chim. phys., 23, 130 (1926) 

Ref., J. L. Delsal, J. Chim. phys., 36, 350 (1938) 69 


H3BO3 

NaCl 1-2863 

On heating boric acid with sodium chloride the result will be hydro- 
chloric acid, sodium tetraborate and water. 

2 NaCl + 4H3HO3 ^ 2 HC’l + Na2B407 + 5H2O 

M. G. Levi and S. Castellani; Gazz. C’liiin. Ital., 40', 151 (1910) 91 


H3BO3 

NaHFs 1-2864 

Solutions of boric acid and sodium hydrogen fluoride react. 

H3BO3 “h 2NaHF2 — ^ NaBF4 -p NaOH -|- 2H2O 

W. C. Zeise, Scheiffer’s Journal, 32, 306 (1821) 95 


II3BO3 

NajOz 

Orthoboric acid treated with sodium peroxide yields sodium perborate, 
sodium hydroxide and water. 

Na^Os 4 “ H3BO3 — > NaBOa -f- NaOH HoO 

O. T. Christensen, Ovcrsigt Kong. Dan. Vid. Sel. Forh., 1904, p. 403 
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H3BO3 

C3H6(0H)3 1-2866 

NaOH 

When glycerol is added to boric acid and then the acid is titrated against 
sodium hydroxide, glycerol-sodium borate is formed. 

(a) H3BO3 + C3H6(0H)3 CaH^COH) -HBOa + 2H2O 

(b) CsHfiOH-HBOa + NaOH CgHeCOH) -NaBOj + H2O 

Mellon and Morris, Ind. Eng. Chem., 17, 145 (1925) 23 


H3BO3 

NaOH 1-2867 

H2O2 

A mixture of orthoboric acid and sodium hydroxide is changed by 
hydrogen peroxide into sodium perborate and water. 

H3BO3 + NaOH + H2O2 NaHOa + 3 lhO 

O. T. Christensen, Oversigt Kong. Dan. Vid. Sel. Forh., (1904), p. 401 10 


Na 2 S 04 


II3BO3 


1-2868 


On heating boric acid with sodium sulfate tlio result will bo sodium 
tetraborate, sulfuric acid and water. 

4 ll 3 B ()3 + XasSO., Xa.>B ,()7 + 112804 + oIM) 

M. G. L#evi and O. Garavini, Gazz. Cliiin. Ital., 41, 777 (1911) 21 


H3BO3 

Na2W04 1-2869 

When one part of sodium tungstate and 1| parts of boric acid are treated 
with just enough of water to dissolve them at boiling and the .solution 
is allowed to stand, sodium tetraborate, sodium tetratungstate and a 
borotungstate are obtained. 

28Na2W04 + 9OH3BO3 -> 22 Xa 2 B 40 ; + XU2W4O13 

+ 2Xa5B\Vi204o + (1351120) 

H. Copaux, Compt. rend., 147, 974 (1908) 
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n3B03 

A 1-2870 

Boron oxide can be prepared hy fusing boric acid. 

2H3BO3 ^ B2O3 + 3H2O 

S. A. Tucker inid II. R. Moody, J. Chem. Soc. (London), 81. 15 (1902) W2 


H5BAV 1204 0 

BaCOs 

Barium carbonate forms a precipitate of barium borutungstate when 
added to solutions of borotungstic acid. The acid may be regenerated 
from the salt thus formed by acidifying with sulfuric acid in the usual 
manner. 

2TLBAV,2().,o + 5BaC03 n(h 0)2 + (SH.O + 5CO2) 

II. Copiiux, Coinpt. rend., 147, 974 (190S) 


1-2871 


38 


lUHWi.tbo 

Ba(OH )2 1-2872 

Horotuugstic acid is dissolved in watc'r and tn'ated with boiling baryta 
water to split it into a mixture* of barium tungstate and barium borate 
(a), d'lie mixture is exactly neutralized with hydrochloric acid in the 
])resenc(* of methyl (uange to lib(‘i-af(* the boric acid (b). (llycerine is 
then added and the product titi;it(‘d witli j)otassium liydroxide using 
j)henolphthalein as indicatoi-. 

(a) dlLBAV.-jOin + l9Ha(t)lIl,. -MiaibOr + IHHaAVt ), + + (?) 


fi>) 

(c) 


dBalbtb + tdlCl + I.MM) -> 3Ha(’l2 + \2\hH(h 
+ C.dl.sd>ll»:. fC.dLtbOlDlBOll) + 2IIo() 


(d) d(C '.d Ijt lot )H ) Bft ) 1 1 ) + 2Kt(I[ -{- I I'jt 1 — * K-jBit); -H 4 ( '3115(1)11)3 

II, C'opiuix. Coinpt. rend.. 147, '.179 (P.K)si 


38 


KHV 


H.SO 


1-2873 


BoO 


3 


Boron fluoride is prej)ared by the action of hot concentrated sulfuric acid 
on a mixture of j)otassium fluoborate* and boric oxide*. 

(3II2S(), + (iKBFi + \Uh -> 8BF3 + dKsSO, + 3II2O) 

i ;, L. ( lainhic. O. < nlinoiit and . 1 . I. St i IT. . 1 , .\iu. Clicin. t>oc., 62 , 1257 ( 1940 ) 


3 
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C^OeHs 


KBO 


1-2874 


hen a solution of potassium inctaborate is mixed with tartaric acid, 
the curve of optical rotary powers shows formation of a 1 : 1 complex: 

(KBO2 + C406II6 KBOo-C^Oelifi) 

Vcu Ki Hcng, J. Chim. pliys., 33, 35G (1936) 


69 


KBO 2 

H2C2O4 1-2876 

\\ hen molecular portions ot potassium motahorate and oxalic acid are 
boiled together in moderately strong atnieous solution for 15 or 20 
minutes, potassium boro-oxalate and water are formed. 

KBO-, + U2C2O, -> {nO)KC\Oi + iw 

K. A. Wornor, J. Clieni. Sue. {London), 85, 1150 (1901) 102 


KC^OgHs 1-2876 

A compl(*x salt separates from solutioiis of potassium nndaborate and 
j)otassium liy<lrogen tartrate. 

{KBO 2 + 2K('406H5 -* KB{C,(h\U )2 + 2K()H) 


Lowry. J. C'licin. JSoc., 131, 2853 (1929) 

Itof., .1. I., nol-siil. .1. chini- pliys.. 36, 350 (|03Si 


69 


KjBjOj 

A potiussium ((‘t raboi-ate solution al)sorl)s iodiiK*. 

OK-jlbt); -j- 3 I 2 — * OK^Bf.tlio oJvI -|- KIOs 
H. ScdiilT, Ann. Siippl., 5, 175 (I.S67) 


1-2877 


20 


IdBOjSlM) 

HoO. 1-2878 

Lithium metal)orat(‘ .>olutinn i> irealed with an (*xcess <if hydrogen 
I)eroxi<le at ()'’. Wlieii absolute alcohol is add(‘d and the solution evap- 
orated in \-aeuo at 10 .a \\ lute amor jihousjmwderof litluuiu p(*rboi-ate is 
formed. 

2(LiBt),-SlI..().) 4- 1L><L-^ Li_.B2()5+ (171120) 

It. IL Tyf)wv. Hull. S(»c. ('him. < Hmimatiia), 5, si (192.i) ! 
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LiB02-8H20 

A 1-2879 

At 160° hydrated lithium metaborate forms lithium dihydrogen ortho- 
borate. 

LiBOa-SHaO -> LiHsBOr/HaO 

A. Reischle, Z. anorg. Chem., 4, 166 (1893) fi 


LiBaOfi-SHaO 

H 2 SO 4 1-2880 

Sulfuric acid separates boric acid from a dilute solution of lithium tri- 
borate. 

2 (LiB 305 - 3 H 20 ) -f- H 2 SO 4 + 2 H 2 O GH 3 BO 3 + (LiSOi) 

F. Filsinger, Arch. Pharm., [3], 8, 198 2 


A 1-2881 

At 200° lithium tetraborate loses two molecules of water of crystalliza- 
tion. 

Li2B407*5H20 — > Li2B407*3H20 -f- 2 H 2 O 
F. Filsinger, Arch. Pharm., (3), 8, 198 S 


I^BsO-i-lOILO 

H 2 SO 4 1-2882 

Sulfuric acid separates boric acid from a dilute solution of lithium 
octaborate. 

Li2B8O3-10H2O + H2SO4 + IIH2O 8H3BO3 + (Li2S04) + [IOH2] 

F. Filsinger, Arch, Pharm. [3] 8, 19S ^ 


Mg3B2 

HCl 1-2883 

Hydi-ochloric acid (or nitric acid) reacts upon magnesium boride to 
form boron hexahydride. The hydride is an inflammable gas. 

MgsBs + 6HC1 (SMgCb) + (BsHe) 

F. Jones, J. Chem. Soc., (London), 36, 42 (1879) 



IU)RON 


091 


HCl 


MgsBa 


Magnesium boride is decomposed by hydrochloric acid. 

MgaBs + GHCl -> RsHe + SMgCb 

Stock and Massonez, Bcr., 46, 3539 (1912) 


1-2884 

25 


MnB 

H 2 S 04 1-2886 

Boromanganese is treated with dilute sulfuric acid. 

2 MnB -h 3H2S04 BsHe + Mn.GSO^),-, 

J. Hoffmann, Cliem. Ztg . 35, 265 (1911) 25 


\ 

Se 


MnaB 

Mangano !)oron is reduced by heating with selenium. 

2Mn2B + 3 Se ^ B2SC3 + -iMn 

J. Hoffmann, Chcm. Ztg., 35, 713 (1911) 


1-2886 



(XH4)2B4()7 

NaCl 1-2887 

Ammonium tetraborate reacts witlt a solution of sodium cldoride. 

(NH4)2B4()7 -h 2 Xa(’l XaalbO; 4 - 2XIT4CI 

Sborgi and Franco, Gazz. Cliim. Ital., 61, 1 (1921) 2i 


(NIl4)2B407 

Na2S04 

Ammonium tetraborate reacts with sodium sulfate. 

(XH4)2B4()7 + Xa-iSOj Xa2B4()7 + (XH4)2S()4 
Sborgi and llovalini, (Jazz. ('him. Ital.. 64, 919 (1921) 


1-2888 


21 


(XoHdiCBAdo 

1-2889 

Free hydrazine is o})taine(i when tlry hydrazine borate is heated abo\'e 
260 °. 

(X2H|)2(B2()3)6 ^ SX.Ib + (6B2O3) 

Dschawaclunv, J. Uu.ss 1‘hys. Chciu. Soc.. 34, 227 (1902); Chcm. Zcntr., I. 1393 
(1902) 

Ref., Hale and Shettcrly. J. Am. ('hem. Soc.. 33, 1072 (1911) 


/ 
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A 


NaBF4 

Sodium fluoborate is decomposed by heat. 

2 NaBF 4 - — > Na2F2 T 2 ]iF 3 

J. J. Berzelius, Stockholm Akacl. Handl. p. 28-1 (1823) and p. 46 (1824) 


1-2890 


^6 


NaB02 


C406H4(CH3)2 


1-2891 


When sodium metaborate and dimethyltartrate solutions are mixed 
together, an unstable complex, (a), is formed, which decomposes spon- 
taneously into a simpler one, (I)). 

(a) (NaBOs + C\OrMAiC}hh ^ NaB02-C406H4(CH3)2) 

(b) (Nali02 C406H4(CH3)2 + 2H2O -> NaB02*C’406H6 + 2CH3OH) 
Yeu Ki Heng, J. Chim. phys., 33, 356 (1936) 


69 


Nal^O. 

C404H4(NH2)2 1-2892 

In solution, sodium metaborate forms a stable complex with tartramidc: 

(NaBO. + CAO^bLCNIL). ^ NaB02-CAH4(NH2)2) 

You Ki Heng, J. Chim. pliys., 33, 3.56 (1936) 69 


NaBO 




1-2893 


Tartramic acid forms an optically active complex with sodium meta- 
borate. 

(XaBO> + CAIIsNIL ^ NaBO.-C.OsHsXIL) 

Yeu Ki Hong, J. Cliiin. phys., 33, 3.o6 (1936) 


69 


XaHO. 

C,06H,(C,H5)o 1-2894 

In solution, sodium metaborate and diethyl tartrate gi\e a levo com- 
plex which decomposes immediately into a dextro complex: 

(a) (XaBO. + C^OelLCC^Ibb NaBO.- ChOcH.CCsIE)^) 

(b) (2NaB02-C406lL(C2n5)2 + 2II.>0 

-> NaB() 2 - 2 C 406 H 6 + NaBO. + 2 C 2 H 5 OH) 

E. Darmois, .J. Chim. phy.-;., 27, 182 (1!)30) 

Kef., You Ki Hong, .1. Chim. phys., 33, 356 (1936) 



t 


BORON 


()1)3 


NaBOo 

NaF 1.2896 

AA lien one mole oi .sodium metaboi ate and t hrt'e mgles of sodium fluoride 
are dissolved together, and the solution slowly concentrated, a crystal- 
line double salt is formed. 

XaHO. + 3XaF + 41BO ^ XaBOo ^XaF-dH.O 

A. Hasarow, Her., 7, 1121 (1874) 11 


1-2896 


XaBO> 

NaOH 

C4O6H6 

The electrometric titration of a solution of .soilium metaborate and 
tartaric acid bv sodium or ammonium hydroxide reveals the existence 
of a complex salt in .solution. 

(XaH(\> + 2(’4()r,II,; -h 2Xa()Il — XaB(',()«lI, Xa-,(’.()6Hi + -tlUO) 

L. Delsal, J. pliys.. 36, 350 (l‘)3S) 09 


Xal^( ), 


NaOH 

NaC.OeH 


1-2897 


Sodium liydi’og(‘u tartrate and .sodium mctaborati' form a compie.x 
salt. 

tXalU), + 2XaC,()on3— Xa,( 'it 1 1 ■ XaC V >.d U H BO, ) 

Briltoti and Jackson, J. Clictn. Stic,. (Lomlon). UlOJ (1031 1 
Ref., J. L. Di’lsal, J. Clnni. pliys., 36, 350 (103S) 


09 


1-2898 


NaBo. 

CaOCl, 

Oxygen is evolved when a saturati-d solution of hleacliiug powder is 
added to a p(‘rl)orate. 

XaBO.i + CaOCl, + 11,0 - NaH,BO.i + CaCl, + O, 

11. Trickclt. Analyst. 43. SO (1020' 


H.O 


NaBt t, 

Sodium i>eiliojate t(‘art> with water at 2.) 

• Hd) • II BO, I NallO, 

II. J. Calvert . UiT . 38, 513 1 lOOi ' 


1-2899 


' J 
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NaB02 

NaOH 1-2900 

Na2C406H4 

The electrometric titration curves of a solution of sodium metaborate 
and tartrate with sodium hydroxide show a maximum corresponding 
to a complex salt: 

(NaB02 + Na2C406H4 Na3B0C406H2 + H 2 O) 

J. L, Delsal, J. Chim. phys., 36> 350 (1938) 69 


^^21^407 

H 3 BO 3 1-2901 

Na202 

Grind together 38.2 g borax, 74.4 g b{>nc acid and 31.2 g sodium perox- 
ide and let stand in an open vessel for 24 hours. Then under rapid 
stirring drop the mixture slowly in 200 cc water and do not let the tem- 
perature rise above 40T. Now stir in 200 cc cone, sodium chloride 
solution and filter the sodium perborate oft’ after 15 minutes and dry over 
phosphorus pentoxide. 

Na 2 B 407 + IGNasOo + i 2 H 3 B 03 -^ KiXaBOa + ISNaOPI + OILO 

E. Bosslmrcl and K. Zwicky, Z. angow. Chem.. 25, 93S (1912) 34 


Na2B407 

HCN 1-2902 

AgN03 


Hydrocyanic acid may be determined by treating a dilute solution with 
a 3 % borax solution and titrating with silver nitrate or iodine until a 
permanent cloud or yellow color appears. 



2IICN + Xa2B40;^ H.lbO; + 2XaC-X 


(b) 2XaCX 4- AgXOa -> (AgCX-XaCX) + XaXOa 

(c) AgCX -XaCX 4- AgX03 2AgC’X + XaXOa 

(d) 2HCX 4- 2I2 2ICX + 2HI 

(e) 2HI 4" Xa2B407 — > II2B4O7 4“ 2XaI 


Guerin, J. riiarm. Chim., (,0)> 22, -133 (1905) 

Ref., J. Am. t’licni. Soc., 28, 1771 (1900) / 
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HCl 

NaOH 


Na2B407 


1-2903 


Standardizing of acids and bases with borax. Acid may be standard- 
ized with borax in direct titration with phenolphthalein as an indicator. 
A base is titrated with borax solution to which glycerol has been added. 

(a) Na 2 B 407 + 5 H 2 O + 2HC1 4 H 3 BO 3 -|- 2NaCl 

(b) Na 2 B 407 + 7H2O 4H3BO3 + 2 NaOH 


(c) 


H3BO3 + C3H3(0H)3 C 3 H 5 ( 0 H)-HB 03 + 2 H 2 O 


(d) CsHsCOH) • HBO3 + NaOH CaHsCOH) - NaBOs H2O 

M. G. Mellon and V. Morris, Ind. and Eng. Chem., 17, 145 (1925) 23 


NsLilWi 

H 2 O 1-2904 

When sodium tetraborate dissolves in water it hydrolyzes and gives an 
alkaline solution, 

Na 2 B 407 4- 2 H 2 O 2NaOH + H 2 B 4 O 7 

J. Shields, K. Sv. Vet. Akad. Handl. Bihang., 19, II, No. 1, IG (1893) 10 


H2SO4 


Na2B407 


1-2906 


Borax is converted into sodium sulfate and boric oxide when titrated 
with a solution of sulfuric acid using litmus as indicator. 


Na2B407 + H 2 SO 4 — ^ Na2S04 + 2B2(\ 4- II 2 O 

Gay-Lussac, Ann. Chim. Phys., 40, 39S (1829) 

Ref., G. W. Sargent, J. Am. Chem. Soc., 21, 859 (1S99) 


Xa2B4()7 


MnS04 


1-2906 


Solutions of borax and manganous sulfate react at 22® (’ 


NaolbO; 4- 2.\InS()4 4" olW 2Alj^l4^(J^2 4- Xa 2 S(.).i 4- 112^04 

Hartley and Ramagc, J. Chem. Soc., (Loiulonl, 63, 129 (1893) 


25 
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Na2B407 

MnSO^ 1-2907 

A precipitate forms when a solution containing manganese sulfate is re- 
acted with borax. 

MnS04 + Na2B407 ^ MnB^7 + Na2S04 
Smith, Am. Chcm. J., 4, 279 (1882) 

Ref., G. W. Sargent, J. Am. Chem. Soc., 21, 876 (1899) 1 


Na2B407 

MnSO, + NaOH 1-2908 

Solutions of borax, manganous sulfate anti sodium hydroxide react to- 
gether at 15°. 

Na2B407 + 2i\InS04 + 2NaOH + 3H2O 2MnH4(B03)2 + 2Na2S04 
Hartley and Ramage, J. Chem. Soc., (London), 63, 129 (1893) 25 


Xa2B407 

NH 4 CI 1-2909 

Ammonia is liberated when l)orax is boiled with ammonium chloride. 
Xa2B407 + 2XH4CI ^ 2XaCl + 2B2O3 + 2XH3 + H2O 

Kraut, Z. anal. C'hein.. 2, 73, (1863) 

Ref., J. Am. Chem. Sor.. 21, 860 / 


Xa2H4()7 

(NH.O 2 SO 4 1-2910 

Solutions of borax and ammonium sulfate react at room temperature. 

Xa2B407 -f- (X"H4)2 SOi — * (XH4)2B4()7 -j- Xa2SOl 

M. Keghel, Rev. chim. ind., 23, 61 
Ref., (’liem. Abstr., 6, 2147 (1912) 


Xa2Bj07 

Nao.COj 1-2911 

Borax is melted with sodium carbonate. 

Xa2B,07 + 2Xa2C()3 -> Xa6B4()9 + 2CO2 

A. Arfvedson. K. Sv. \'et. .-Vead. Handl., 87, (1824) 



1U)U()X 


(>07 


Xa2H4()7 


NaoCOa 


1-2912 


Socliuiu tetraborate and sodium carbonate react to form the metaborate. 


XaoH.O; + 2Xa2C’0;i + IbO dXaHO. + 2XalICO 

K. Armlt ami K. Hantge, Z. Elcklri)choin., 28, 2()5, 2GS (1922) 


3 


80 


XaolbO: 


NaOH + H2O2 


1-2913 


A saturated solution of l)ora\ containing an equal amount ot sodium 
hydroxide is treated with a double amount ()f hydrogen i)eroxide. 

Xa-dbOy + 2Xa()H + 4\W; — -iXaHOa + blW 

MelinkolY aad IVssarjowsky . Her., 36, 3111 (1S97) 


Jo 


Xajlbt b 


1-2914 


Sotlium perborate is formed in solution l)y electrolyzing a cool alkaline 
solution of borax (tl g XaOH. 24 g borax per liter) at a high current 
density (3()-()0 amps. p('r sip dm.) 


(a) 

(b) 


Xa-dbO; 4- lOXaOlI dXajBOa + 51 M) 
XaaHOa + 1 14) XaB().> + 2Xa()H 


Houzciic, I'. Hat. No. 411,2.>S (1910) 

Kef., W. (1. Tolack, Trans. Far. Soe., 10, 178 (1914) 


80 


Xa2B4t >7 


1-2916 


NaoCO. 


Sodium perlx.rate is made l.y electrolysis of a soda-borax solution con 
taining 12 ()g anhydrous so<la and MOg borax ami some chromate !)er liter. 
The current density is !0-2() amp.Mmy and the bath temperature 

14-1(>°('. 

Xa,B ,()7 + NaO), T 2t), - ^ 4 XaBOa + CO 2 . 

K. Ariult and K. IIanl-t‘. Z. KUTtro.-luMn . 28. 1^07. 273 (11^ 

Telilanc and H. Zelhnaiin, 29, IM. t''- (l.)-3> 


.'iO 
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Na,2B407* Ca2B408 

Fz 1-2916 

Sodium calcium octaborate reacts with fluorine. 

Na 2 B 407 Ca 2 B 408 + 2H2F2 ^ 2CaF2 + Na2B407 + 2B2O3 + 2H2O 

Schuster and Wilhelmy, Chem. Zentr. II, p. 1085 (1897) 25 


Na2B407‘5H20 

HCl 1-2917 

Borax will hydrolyze in the presence of hydrochloric acid in the stand- 
ardization of the acid to give boric acid and sodium chloride. 

Na 2 B 467 + 2HC1 + 5 H 2 O 4 H 3 BO 3 + 2NaCi 

Mellon and Morris, Ind. and Eng. Chem., 17, 145 (1925) US 

NaCaBsOs 

NaHSOs 1-2918 

NaOH 

Boronatrocalcite is stirred into a solution of sodium hydrogen sulfite, 
made alkaline with sodium hydroxide. The precipitating borax is 
filtered off. 

INaCaBsOg + dNallSOg + 2NaOH ^ 5 Na 2 B 407 + SHgO + 4 CaS 03 

Marquardt and Schulz, Ger. Put. 8188G 

Ref., Z. angew. Chem. 8, 385 (1895) 54 


N a2Ca2B80 16 • B 2 O 3 

H2F2 1-2919 

Boronatrocalcite is decomposed by hydrogen fluoride. 

NasCazBsOis BaOa + 2H2F2 yia2]W7 + 3B2O3 + 2 CaF 2 + 2H2O 

Schuster and Wilhelmi, Ger. Pat. 94050 (1897) 2$ 


N a 2 Ca 2 B §0 is • B 2 O 3 

SO2 1-2920 

Sulfur dioxide is passed into a solution of boronatrocalcite. 

Xa2Ca2B,0i5-B203 + 380. ^ 5 B 2 O 3 + 2CaS03 + Xa2S03 

Kelly and Jones, Brit. Pat. 180,110 (1921) 25 
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Xa3B03 

C 4 O 5 H 6 1-2921 

Sodium orthohorate forms a stable complex salt with malic acid. 

(NaaBOa + 3C4O5H6 -> NaaBOj -SCW^e) 

M. Darmois, J. Chiin. pliys., 23, 130 (1926) 

Ref., J. L. Delsal, J. Cliim. phys., 36, 350 (1938) 69 


POCb-BCb 

H 2 O 1-2922 

Water decomposes tlie double compound of phosphorus oxychloride and 
boron trichloride to form phosphoric acid, hydrochloric acid and boric 
acid. 

POC’b-BCb + 6H3O ^ II3PO4 -b H3BO3 + CHOI 

Gustavson, 

Ref., Von Richter, Ber., 4. 976 (1871) 


BRCXMINE 


Br 


CHoCN COOH -b H 2 O 


1-2923 


Cyanoacetic acid is decomposed by the action of bromine with water to 
give bromoform, carbon dioxide, ammonium bromide and hydrobromic 

acid. 

CHsCN-COOH + 2H2O -b 3Br2 CIIBi'a + 2CO2 + XlbBr + 2HBr 

Van’t Hoff, Ciazz. Chim. Ita!., 6, 41 (1875) 


HI 




Hv 

1-2924 

When tetrarnetliylummonium bromide is di.ssolved in an a<iueous solu- 
tion of bromine, the tril)romide is formed. .V similar reaction occurs 
with tetraethylammonium bromide. 

(a) 

(b) 

C. K. Tinkler, J. Chem. Soc., (London). 93, 1014 (1!)()M 


(OIl 3 ) 4 XBr + Bra -> (0113)4X131-3 
(02H5)4NBr + Br2-> (C'2lU)iXBr3 


;}7 
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(CH3)4NC1 



1-2925 


When tetramethylammonium chloride is added to bromine water, the 
chlorodibromide is formed. 

A similar reaction occurs with tetraethylammonium chloride. 

(a) (CH3)4NCI.+ Br 2 -> (CH3)4NCIBr2 

(b) (C2H5)4NC1 + Br2 -> (C2H3)4NClBr2 

C. K. Tinkler. J. Cliem. Soc., (London), 93, 1615 (1908) 57 


Br 

CeHsOH 1-2926 

If phenol is treated with bromine the reaction products are hydro- 
bromic acid and 2,4,6-tribromophenol. 

CeHeO + GBr CeHaBraO -f 3HBr 

G. Halpheii, .\nn. Chim. Anal., 8, 10 (1903) 76 


Bi 


CI2 + CcHsNHo 


1-2927 


Bromine existing in seawater in the form of its bromide ion is extracted 
commercially by treating seawater with chlorine and aniline. The bro- 
mine is liberated by the chlorine and then reacts with the aniline to fonn 
tribromoanilinc. 

3Br- + 3 C’l 2 -h CellsNHo C'elLBraXlL + 3H+ + GCL 

C. Stine, Ind. Eng. Chcm., 21, -13-1 (1929) 


e4 


HCN 

HCNS 

C'yaiiogen 

bromine. 



J-2928 


bromide is obtained when hydrocyanic acid leacts with 
The .same type reaction occurs with thiocyanic acid. 



Ib-2 + HCX -> (’XBr -f- IIHr 


(b) 4 Br 2 + HCXS + 41120 -- CXBr + 7HBr -{- H 2 SO 4 

E. Schulek, Z. anal. Cliem., 62, 338 (1923) 
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Br 

HCl 1-2929 

When bromine is dissolved in hj'drochloric acid, HClBr2 is formed: 

A similar reaction occurs with hydrobromic acid. 

(a) HCl + Br2 ^ HClBr2 

(b) HBr + Br2 ^ HBrs 

C. K. Tinkler, J. Cliom. Soc., (London), 93, 1614 (1908) 57 


Br 

NH4Br 1-2930 

When ammonium bromide is dissolved in an aqueous solution of bro- 
mine, the tribromide is formed. 

NH4Br + Bra ^ NHiBia 

C. K. Tinkler, J. Chem. (London), 93, 1614 (1908) 57 


Br 


O 


1-2931 


Light 


In presence of oxygen the bromides in solution are decomposed by 
diffuse light. 


(a) 

(b) 


4Br- + O 2 + 4IH ^ 2Br2 + 2 H 2 O 


Ih-2 + Br 


Bi 


Lewis and iStoreli, J. Am. Cliem. Soc., 39, 2544 (1917) 
Ref., L. do Hrouckere, J. Cliiin. pliys., 27, 543 (1930) 
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Ib’e 


AgNO 


1-2932 


Hyp.,l>nmu.u.s:u-ulinuyl..M.l.tain<'.llr..i.ith<' aotioii <,f silver nit rate and 

water on pure bnnnine or a .'Solution ot l)nnnine in watei. 

Bro -f AgNO;, + II2O -- lIBrO + AgBr + HNO3 

E. Dancer, Chein. News, 6 , 249 (1862j 


WI 
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Hr. 

Ag20 1.2933 

KI 

Silver oxide is added to water, and bromine is aspirated through the 
mixture. Silver bromate and bromide are formed. This product, added 
to potassium iodide solution without acidifying, liberates iodine. 

(a) 7Ag20 + 8Br2 + H2O ^ 2 AgBr03 + 12 AgBr + 2HBrO 

(b) AgBrOs + 6KI + GHBrO ^ 3U + AgBr + GKBrO + SHjO 

C. W. B. Xormand, J. Cliem. Soc., (Loiidi)ti), 101 , 1852 (l‘)!2l 57 


Br2 

Ag2S04 1-2934 

When water is added to silver sulfate and bromine is aspirated through 
the mixture, silver bromide is precipitated. At 0° hypobromous acid 
is formed. When heated, bromic acid is formed. 

(a) Ag2S04 + 2Br2 + 2H2O 2AgBr + H2SO4 + 2HBrO 

(b) SAgaSO^ + OBr. + GILO — IQ AgBr -f- 5IhSO, + 2HBr03 

C. W. B. Xormand, J. Cliom. Soc.. (London). 101 , 18.5:1 11012) 57 


Br2 

A1 1-2935 

Aluminum bromide is prepared by slowly adding bromine to an excess 
of aluminum. 

(2.\1 + 3Hr2 -> 2AlBr.d 

E. L. Gamble, P. Gilmont and J. I. Stiff, J. Am. CHicin. Soc.. 62, 1257 (1910) 


Br2 

CH 3 CH 2 OH 1-2936 

When bromine and ethyl alcohol react together, ethyl acetate and 
hydrobromic acid are f(jrmed. 

2CH3CH2OH + 2Br2 CHa-CO. C'.Hs + 4HBr 

F. G. Donnan and R. LeUossignol, J. Chem. Sue., (London), 83, 71 1 (1903) 
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Br2 

HCOOH 1-2937 

Formic acid is not oxidized by iotline. Bromine, on the other hand, 
oxidizes not only the acid but also the formates to form carbon dioxide 
as is indicated by the following equations. 

(a) HCOOH + Bro ^ CO. + 2HBr 

(b) HCOONa + lir. -> CO 2 + HBr + NaBr 

Ladislaus Spitzer, Inci. ICng. Clicm., .\nal. Ed., 8, 465 (1936) -44 


Br. 

HCIO 4 1-2938 

Perbromic acid and chhjiine aic formed when bromine is treated with 
dilute perchloric acid. ^ 

2 HCIO 4 + Br. 2 HBr ()4 + Cb 

Kammerer, J. Erakt. Chciii., 90, 190 (1863) 

Ref., Allison. Bishop and Sommer, J. .Vin. Chem. Soc., 64, 618 (1932) 1 


H.O 


Bi 


In exceptionally dilute solutions free bromine hydrolyzes 
bromic and hydrobromic acids. 

3Br2 + 3 H 2 O HBr().3 -h 5HBr 

Stewart, Ind. Eng. Chom., 26, 362 (1933) 


1-2939 
to form 




Br. 


KBr 

HBr 


1-2940 


If a soluble bromide is added to bromine solution, the color is dimin- 
ished with formation of tribromide. lIydroi>romic acid reacts similarly. 

(a) KBr -j- Bi-. KBra 

(t,) HBr + Br-. -> HBr., 

A. 1'. .I<..scpli an.i N. -liiu'ndra.isa, .1 ( ■lii-m . S.u- . ( i . 99. 274 (1911) 


57 


Biv 


KCNO 


1-2941 


Excess bromine added to a solution of potassium cyanate leact.s (pian 
titatively according to tlie following etpiation. 

4KCXO + HI 2 O + -iBr. iKBr + 2XHiBr + X. + 1C(), 

(■ .\V. B. Xormaiid and A ( ', < ’utnniing. .1 ( 'lu-tn. S(.c , f l.ondnn ) , 101, ISO! ■ 1912) 


O t 
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Br2 

NHiCl 1.2942 

On addition of ammonium chloride to bromine water, the chlorodibro- 
mide is foimed. 

NH4CI + Br2 ^ NH^ClBrz 

C. K. Tinkler. J. C’heiu. Soc. (London), 93, 1G15 


Br2 

NH 4 I 1-2943 

Ammonium bromiodobromide is prepared by treating ammonium 
iodide with bromine vapors. 

^ NH4I + Br2 ^ NH4BrIBr 

Jackson and Derby, Ani. Chein. J., 24, 15 (1900) 

Kef., C. B. Wiiliains, J. Am. C’lioin. Soc., 23, 8 (HX)1) / 


Bi-2 

NO 1-2944 

If (at ordinary temperature) bromine is impregnated with nitric oxide a 
compound is formed of the formula NOBrs. 

3Br2 + 2NO -> 2NOBr3 

M. M. P. Muir, Kef., K. Gerstl, Ber., 8 (1), $31 (1875^ 2 ^ 


Bro 

O 3 1-2946 

Bromine acts as a sensitizer for the photodecomposition of ozone. 
Under certain conditions an oxide of bromine (c) can be isolated. 

(a) Br + O3 Br03 

(b) BrOs -j- O3 — > Br02 -}- 2O2 

(c) 2Br03 + HrOo ^ HraOg 

K. F. BonlioolTcr, Z. Physik, 13, 94 (1923) ’ 

Ucf., K. Mungen and J. W. T. Spinks, Can. J. Ucs., B18, 3G3 (194()J 

Br2 

SO 2 1-2946 

Pure hydrobromic acid can be obtained by distilling the products foimed 
from the reaction of bromine, sulfur dioxide and water. 

Br. + 2H2O + SO2 2HBr + 112804 

A. Scott, J. Cliein. Soc. (London) 77, 650 (1900) 
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Br2 

Linolenic Acid 1-2947 

A method for detection of liorse fat in pork, beef, or mutton fat depends 
on the linoleic acid content. The hoxabromides of the fats are; horse, 

41.2; pork, 2.8; beef, 3.0; and mutton 3.3 mg. per g. of fat. The addi- 
tion of 30 or more per cent horse fat was detectaiilo.” 

CH3(CH2)io(CH) 6COOH + SBiv CH3(Cn2),o(CHBr)6CC)OH 

B. Pasche, Z. Untersuch. Lebensm., 76, 476 (1938) 

Ref., Oil and Soap, 16 , 5, 96 (1939) 111 


Bra 

Urea 1-2948 

In alkaline solution bromine is reduced to bromide by urea. 

COCNHa)^ + SBra + liNaOH (>XaI3r + ('Oa + Na T SHaO 

Kef., Bootli and Jonos. Iml. Kn^. C'hom. .Viial. I'M.. 2, 239 (1939) 3S 


Bi’a 

Xylenol blue 1-2949 

Dibromoxylenol sulfonaphthalein is formed as pale pink crystals 
when 3.1 parts bromine are added to 1 jiart xylenol blue suspended in 
10 parts glacial acetic acid. 

C 23 H 22 O 6 S + 2 Br 2 C'aaHaoOftBraS + (2HBr) 

A. Cohen, Biochem. .1., 17, 535 (1923) 


HaO 


BrFj 


1-2960 


Bromine trifluoride is decomposed l>y water and forms 
acid, hypobromous acid and oxygen. 

2 BrK 3 + 4H2O — 2 HBrO + SHaFa + O2 


hydrofhiric 


P. Lebeau, .\nn. Chiin. Phys. [\ IIIl, 9, 201 (1900) 


100 


(CH3)2S 


BrCHaCOOH 


Dimethyl sulfide combines with monobromo acetic 


1-2961 

acid to form a be- 


taine-like addition product. 

(CIl3)2S + VlUHvCOi 

Crum Brown and !•>. .V. Lotts, lU'r., 


>11 -> ((’H3)2BrS ClIaC,’0()II 

7, 090 (1874) 


II 
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BrSCSNs 

KOH 1-2962 

On hydrolysis of bromine azidodithio-carbonate in concentrated solu- 
tions of potassium hydroxide, the reactions are believed to take place 
as shown below, since sulfites and thiosulfates are demonstrated to 
be present. 

(a) BrSC’SXa + 2KOPI Klh- + KO8CSN3 + H2O 

(b) 2KO8CSX3 + 2KOH ^ K2S2O3 + 2K8CX + 2N2 + H2O 

(c) KovSO, -h 2KOH + 2KO8C8X3 

-> 2X2803 + 2K8CSX3 + H2O 

Win. H. Ciardncr and A. W. Browne, J. Am. C'lirm. 80 c., 49, 2762 (1027) 13 


CBr3COXri.> 

KOH 1-2963 

» 

Tril)r()moacetamkle with potassium hydroxide gives bromoform, am- 
monia and potassium carbonate. 

CBiA’OXHo -h 2KOH CHBra + XH3 + K2CO3 

Clnareschi, Clazz. C’liim. Ital., 6 , 370 (1876) 


CI2 


CBrCb 


1-2964 


Carbon tetrachloride is formed when an excess of chlorine reacts with 
l)roniotriehloromcthane. 


00 

(b) 


CI 2 + CJhC’b ^ BrCl + CCl, 
CI 2 + 2CBrCl3 -> Br 2 + 2CC1, 


\’r.s|)(>r and Unlletson. J. .Vm. C’liom. Sue., 66 , 1456 (1934> 



CBrCb -CBrCl-i 


1-2966 


At 185^C. symmetrical dibromotetrachloroethane decomposes into 
bromine and tetrachloroethylene. 

CsCbBr. CCd.-CCb + Br2 


!•;. lioviryoiii, 

lU'f., A. Honniiijicr, 7, 1705 (1S71) 



BROMINE 


707 



CBrsCNCOOH 


1-2966 


When dibromocyanoacetic acid is heated to 60 °C., it decomposes into 
carbon dioxide and dibromoacetonitrile. 


CBi-sCNCOOH CO2 + CBrzHCN 

J. Van't Hoff, Bcr., 7, 1572 (1874) 



(’Br,('HO 

C 2 H 5 OH 1-2967 

Absolute alcohol when mixed with brumal forms brumal alcoholate. 

CBraCHO + C2H5OH CBraCHO CsHsOII 

Ij. Schaffer, Ber., 4, 367 (1871) 11 


('BrA’HO 

HNO, 

Fuming nitric acid quickly oxitlizes brumal to tribrumuacetic acid. 
CBraCHO + 2 HNO., ^ CBr^COOH + II2O + 2NO2 

L. Schaffer, Ber., 4, 370 (1871) 


1-2968 


It 


(’BrnOHO 


HNO 


1-2969 


Nitric acid oxidizes brumal to tribrumuacetic acid. 

CBi-aCHO + (O) ^ CBraCOOH 

H. Gal, 

Hof., A. llcnuingcr, Ber., 6, 1268 (18/3) 


II 


rBv.cno 

NaHSOa 

Bromal forms an addition inodnct wlicn sliakon willi a i-onc-entiatod 
solution of sodium bisulfite. Tlu- ad.lition product may ho purified by 
recrvstallization from water. 

4 

CBraC'HO + XallSOs— > (‘BrsC'IIO-XalLSO;, 

L, Schaffer, Ber., 4, 307 (1871) 


1-2960 


n 
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CBi-aCOOH 

AgNOa 1-2961 

Dilute tribromoacetic acid when treated with silver nitrate forms the 
very unstable silver salt. 

CBisCOOH + AgNOa — HNO3 + CBraCOOAg 

L. Schaffer, Ber., 4, 371 (1871) 11 


CBraCOOH 

BaC03 1-2962 

Barium carbonate reacts with a solution of tribromoacetic acid to form 
barium tribromoacetate and carbon dioxide. 

BaCOs + 2CBr3COOH + 2 H 2 O ^ CO 2 + (CBr3C00)2Ba-3H20 
L. Schaffer, Ber,, 4, 371 (1871) 11 


CBraCOOH 

CuCOs 1-2963 

Copper carbonate reacts with solutions of tribomoacetic acid to form 
copper tribromoacetate and carbon dioxide. 

CuCOs + 2CBr3COOH CO 2 + H.O + (CBrgCOOaCu 

L. Schaffer, Ber., 4, 371 (1871) 11 


CBraCOOH 

H 2 O 1-2964 

Tribromoacetic acid solutions (aqueous or alcoholic) are unstable to- 
ward heat and decompose into bromoform and carbon dioxide. 

CBr 3 COOH -> CHBra + CO 2 

L. Schaffer, Ber., 4, 371 (1871) // 


CBra-COOH 

HgNOg 1-2966 

Dilute tribromoacetic acid when treated with mercurous nitrate forms 
the moisture- and light-unstable salt of mercurous tribromoacetate. 

CBraCOOH + HgNOa ^ CBraCOOHg + IIXO3 

L. Schaffer, Ber., 4, 371 (1871) 
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KOH 


CBraCOOH 


1-2966 


Potassium hydroxide decomposes tribromoacetic acid to form bromo- 
form and potassium formate. 


CBrsCOOH + KOH CHBia + HCOOK + (O) 

H. Gal., 

Uef., A. Menniiiger, Ber., 6, 126S (1873) u 


C^Bi’aCOOH 

NaaCOa 1-2967 

Sodium carbonate reacts with tribromoacetic acid to form the very un- 
stable salt, sodium tribromoacetate and carbon dioxide. 

NaaCOa + 2CBr3COOH + 4 H 2 O ^ CO. + (CBr3C00Na)2-5H20 

L. Schaffer, Her., 4, 371 (1871) 11 


CBraCOOH 

PbCOs 1-2968 

Lead carbonate reacts with tribromoacetic acid to form lead tribromo- 
acetate and carbon dioxide. 

PbCOa + 2CBr3CO()II CO 2 + H>0 + (CBr3CX)0)2Pb 

L. Schaffer. Ber,, 4. 371 (1871) U 


CBr4 

H 2 O 1-2969 

Carbon tetrabromide heated with water to a temp, of 200° produces 
carbon dioxide and hydrobromic acid. 

CBr 4 + 2 H 2 O -> CO 2 + 4HHr 

G. Ponzio, Gazz. chim. ital., 36-, 148 (1906) ^ ^ 



H 2 SO 4 

Carbonyl bromitle is formed by tlie action of concentrated sulfuiic 
on carbon tetrabromide. 


1-2970 

acid 


2 CBr 4 + H 2 SO 4 ^ 2 C’OBr 2 + (21IBr -h SO. + Bra) 

R. W. Dornte, J. Am. Chein. Sm-., 66, 4127 (1933) 
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CBr4 

A 1-2971 

4 

When carbon tetrabromide is led through a red hot tube it is decom- 
posed into bromine and carbon. (A little hexabromoethane is also 

fornied.) 

/ 

(a) CBr^ C + 2Br2 

(b) 2C'Br4 CzBre + Br. 


Uolas and (iroves, 

H. (lerstl. Her.. 3, oOii fPsTO) 11 


CCbCOBr 

C 2 H 5 OH 1-2972 

Ethanol reacts with the acid bromide of trichloroacetic acid to form 
ethyl trichloroacetate and hydrogen bromide. 

CX'bC’OBr + C2H5OH ^ CCl,COOC’2lL + HBr 


II. C’.al. 

Itef., .\. Ilcnnin^or, H(‘r.. 6, 571 (|s7:P 



CCU('OBr 


1-2973 


Water reacts with the acid bromide of 
trichloroacetic and hydrobromic acids. 


trichloroacetic 


acid to form 


CCl.COBr + II 2 O -> CCbC’OOH + HBr 


U. Gal, 

Ref., A. Henningcr, Her., 6, 571 (l.S73> 



CHBraC’HBro 


1-2974 


Chlorine reacts (luickly in sunlight, more slowly in diffused day light, 
with acetvlene tetrabromide to lb?-m symmetrical dibromotetrachloro- 

ethane 


CcHoBr., + -> 2HC1 -{- Br. + 


C’sC’hBro 


K. Bourgoin, 

Kef., A. Henningcr, Bcr., 7, 1795 (lS74j 



1 
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HCN 


CHBraCHO 

1-2976 

Hydrooyiiiiic* ucid coinbiue;^ with dihroinoaoetaldehyde to form the 
nitrile of dibromolaetic acid. 


C^HBroCHO + HC'X 

A. Pinner, Per.. 7, 1801 (1874) 


CMBr 2 CHOHCX 


// 


('HBrsCHO 

H.O « 1-2976 

Dibromoacetaldehyde wlieii added to water (mole for mole) forms a 
crystalline hydrate. 

w « 

C'HBr>C'H() + H.O ^ C’HIb-..CHO- I^O 

.\. Pinner, Ber.. 7, 1500 (1874) II 


OHBr..( ‘OOH 


AgNO 


3 


1-2977 


Silyer nitrate when treated with a dilute solution of dibromoacetic 
acid, fonns the in.soluble and unstable siher dibromoacctate. 

C'IIBr..C’0()H + AtiXOa-> HXOa + C'HBiA'OOAg 

b. SeluitYcr, Ber.. 4, 369 (1871) 


// 


OHBraC'OOH 


BaCO 


1-2978 


Barium carbonate reacts with dibromoacetic acid to lorm l)arium 
dibromoacctate and carl)on dioxide. 

BaC’Oa + 2(’nBr2(’OOn + + (('HBi'2C’00)2Ba-4H20 

b. SchafTcM*. Bei’.. 4, 30S (ls7l» 


// 


(•HBr-.C’UOll 


C2H5OH 


1-2979 


When dibromoacetic acitl and ethyl alcohol are lieatetl on the watei 
bath under reflux, the ester is lormed. 

(‘HBr-iC'OOlI + HOCdU - ( 1 1 BiA '0()C ' 2 I b + HjO 

b. ('nrius, Ber., 3, 337 (ISTO) 


II 
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CHBrzCOOH 

HgNOa 1-2980 

Mercurous nitrate reacts with dibromoacetic acid (dilute solution) to 
foi*m mercurous dibromoacetate and nitric acid. 

CHBrsCOOH + HgNOs — HNO 3 + CHBrsCOOHg 

L. SclialTor, Bcr., 4, 369 (1871) II 


CHBrzCOOH 

K 2 CO 3 1-2981 

Potassium carbonate when neutralized by dibromoacetic acid, forms 
potassium dibromoacetate and carbon dioxide. 

K2CO3 + 2CHBr2COOH ^ CO2 + (CHBr2C00K)2-H20 

L. SchufTer, Her., 4, 368 (1871) // 


C’HBr 2 COOH 

(NH,)2C03 1-2982 

Ammonium carbonate when neutralized with dibromoacetic acid, 
foims ammonium dibromoacetate. carl)on dioxide, and water 

2CHBr2C’OOn + (XH.,)2C03^ H2O + CO2 + 2CHBr2COONH4 
L. Schuttor, Her., 4, 368 (1871) 


CHBrst ’OOH 


PbCOa 


1-2983 


J>ead carbonate rcact.-^ with dibromoacetic acid to form lead dibromo- 
acetate, water and carlxm dioxide. 

Pb(’()3 -f- 2(’UBr2COOn HoO + CO2 + ((dIHrzCOOzPb 

L. Schaffer. Her., 4, 368 (1871) 


// 


CHBr2N02 


KOH 


1-2984 


Br. 


Dibromo nitroethanc in the presence of bromine and potassium hy- 
droxide forms bromopicrin. It is a neutral compound of stifling odor. 

(a) CHBr2X02 + KOH -> CKBivXOs + H.O 

(b) CKBi^X'O* + Br-* — > 081-3X^02 KBr 

J. Tdclierniak, Her., 7, 921 (18741 


It 
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CHBr, 

1-2986 

Wten bromoform is heated with bromine and iodine (3:1) in a sealed 

tube at 150°C for 24 hours, carbon tetrabromide and hydrobromic 

acid are formed (N.B. the tube must be opened several times during 
the heating) 

CHBr, -f- Bri CBr 4 + HBr 

Bolas and Groves, 

Ref., R. Gerstl, Ber., 3, 609 (1870) 


Br2 

light 


CHBrj 


1-2986 


Bromine reacts with bromofonn in daylight to form tetrabromo me- 
thane, The presence of a dilute base greatly hastens this reaction. 
The rate of reaction is roughly proportional to the light intensity. 

CHBra -f Br. ^ CBr^, + HBr 

Habermann, 

Ref., E. Ludwig, Her., 6, 649 (1873) 


CHBra 

Ephedrine 1-2987 

Ephedrine alkaloid was dissolved in bromoform and let stand at room 
temperature. In 3 daj^s, crystals of ephedrine hydrobromide deposited. 

( 2 CHBr 3 + C10H15OX CioHisOX HHr + C’^HBr.O 

Steldt and Chen, J. Am. Pliarm. Assoc., 29, 106 (1040) 1I2 


CH2Br2 

PbO 1-2988 

Methylene bromide when heated to 140-1 50°C. in a sealed tube with 20 
times the amount of water and excess of lead oxide (or carbonate) 
foi-ms lead bromide, ethylene glycol, and a trace of ethylene oxide. 

2CH2Br2 + 2 H 2 O 4- 2PhO — 2PbHr2 + CH.OHC’IHOH + (II 2 O 2 ) 

A. Jeltekow, 

Ref., F. Wreden, Her., 6, 558 (1873) 


714 


ENCYC'LOPEDIA OF CHEMICAT. REACTIONS 


CTEBi-C’HsBr 

CH 3 COOK 1-2989 

C 2 H 5 OH 

When one mole of ethylene dibromide and one mole of anhydrous 
potassium acetate and four moles of 80% ethanol are refluxed 16-18 
horn’s, ethylene glj'col is formed. Held 10%. 

(a) CH2BrCH2Br + CH3COOK KBr + CH2BrCH200CCH3 

(b) 2CH2BrCH200CCH3 + 2C2H5OH 

^ 2CH3COOC2H3 + (CH20H)2 + CHsBr CHsBr 

4 

Eugen Deinolc, Ber,, 7, 642 (1874) 



CH2Br-CH2Br 


1-2990 


Ethylene dibromide wlien heated with a zinc-copper couple in the 
presence of a little water forms ethylene and zinc bromide. 

CHoBrCIT.Br + Zn -> C’olb -h ZnBr. 


(Hailstone and Tribe, 

Kef.. K. Cierstl, Her., 7. 364 (1871) 


CHoBrCHO 


CTlsBrCHO 


1-2991 


[f the temperature of a mixture of lIBr an<l (ThBrC’HO i.s allowed to 
rise above 0°C. a reaction procof'ds .'Spontaneously with- the foimation 
of two layers of brown solution. The lower layer is alpha dibromo- 
crotonic aldehyde and the upper layer is a water solution of ITBr. 
This I'oaction is never complete. 


(’IIoBrCHO + ('H.BrCTIO — ClUhrCUiCHvCUO + II 2 O 
P. Ereudler, indl. Soc. ('Inm.. 1, 6, (,1007) 


SI 



('II>Br( T)()H 

1-2992 

When bromoacetic acid is heated with siher du.st in a scaled tube to 
130°C’., some succinic acid i.s formed. (By-products contain bromine 
and gave an evil odor.) 

2(’HcBr('0()TI + 2.Vg IK K )( '(( Tl 2 ) 2 ( '()( )H + 2AgIh' 

A. Steiner, Ber., 7. \So (IS73) 
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HBr 4- Bro 


C^IsBrCOOII 

1-2993 

Alonobiomoacetif acid whicli has been saturated with dry hydrogen 

bromide foiins an addition product when bromine is added with good 
cooling. 


2CH2BrCOOH + HBr + Hr. 

A. Stoincr, Bcr., 7, 184 (1874) 


(CH2BrCOOH)2-Br2-HBi 


11 


CHsBrNOa 


KOH 

Br2 


1-2994 


Calculated (luantities ot brouiunitromethane. bromine, and potas- 
sium hydroxide wlien mixed and cooled internally with ice, form 
dibromonitromethane. It is necessary to work fast, as bromine de- 
composes dibromonitromethane. Mercury is used to remove excess 
bromine, B.P. 155-UiO°C. (with decomposition) 

CH.BrNO.. + Br,. + KOH C’HBr.XO- + KBr + H.O 

J. Tsclieniiuk, Bor., 7, 920 (1874) 


11 


CHoiCHBr 

Na 1-2996 

^*inyl bromide wlien heated with sodium in a .sealed tube at 110° C. for 
48 hours, forms acetylene, ethvlene and sotlium ))r()mide. 

2('H2:CHBr + 2Xa C^lh + ('dl, -f 2XaBr 


K. Fui'lis. Bor.. 5, 70S (1872) 



i 


HI 


(MbiCHBi 


1-2996 


\'inyl In-omide reacts witli dry hydrogen iodide when the two com- 
ponents are .svibjected to pressure ami allowed to .stand tor a week at 
room temperature, forming one iodo and one laomoethane (see relta’- 
<‘nce for details). H i’, 112 14.‘{'('. 

( H.iCHBr -H HI ■ CH,-ClIIih 


II. LuKermark, Her.. 7, '.)12 (ls74) 


// 
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CH2ClCH2Br 

KOH 1-2997 

When 1 -chloro 2 -bromoethane is warmed with an alcoholic potash, 
vinyl chloride is evolved. 

CHsCICHsBr + KOH CHCLCHz + KBr + H2O 

L. Henry, Ber., 3, 599 (1870) // 


CHaBr 

Bra 1-2998 

Methyl bromide when heated with one mole of bromine in a sealed 
tube at 250 °C for 3 ^ hours, forms dibromo and tribromo methane. 

(a) CHsBr + Br2 CH2Br2 + HBr 

(b) CH2Br2 + Br2 CHBra -f* HBr 

A. Steiner, Ber., 7, 507 (1874) H 


CHs-CBrsNOz 

H 2 NOH 1-2999 

When dibromonitroethane is added to a hydroxyl amine solution 
(excess) and allowed to stand for 12 hours, ethylnitrolic acid is formed. 
(Yield 32 %. ) 

CHa CBr.NO. + H2NOH CH3C:N0H(N02) + 2 HBr 

Victor Meyer and J. Loclter, Ber., 7, 1139 (1874) 


CH 3 CBr 2 N 02 

NHoOH 1-3009 

Ethylnitrolic acid may be formed b\'’ the reaction between dibromo- 
nitroethane and hydroxylamine. 

(’H3CBr2N02 + NH2OH -- 2 HBr + CTLCNOHNO2 

T. E. Thorpe, J. Chern. Soc. (London), 77, 178 (1900) ^^2 


HoO 


CHaCOBr 


1-3001 


Acetyl bromide by its reaction with water is transformed into acetic 
acid. 


CILCOBr + H2O CH3COOH + HBr 

A. Kekule, Chem. Xews, 9, 210 (1864) 
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CaHaKBrNOs 


1-3002 

When monobromonitroethane is dissolved in potassium hydroxide and 

slowly added to the calculated amount of bromine, dibromonitro- 
ethane is formed. 


CaHsKBrNOz + Brz ^ C2H3Br2N02 + KBr 

J. Tscherniak, Ber., 7, 918 (1874) 


(CH2)2Br2 

CHsCONHNa I.3003 

When sodiumacetamide and ethylene bromide are reacted together in 
the presence of alcohol as a carrier, acetamide, sodium bromide and 
vinyl bromide are formed. 

CHgCONHNa + (CH2)2Br2 CH3CONII2 + NaBr + CHgiCPIBr 

A. W. Tithorloy, J. Chcm. Soc. (London), 79, 391 (1901) 102 


(CHjBiOs 

HI 1-3004 

When ethylene dibromide is heated with concentrated hydriodic acid, 
diiodoethylene anti hydrobromic acid are formed. 

CHaBrC’HsBr + 2 HI ^ CM2ICH2I + 2 IIBr 

Sorokin, 

Ref., V. Von Richter, Ber., 3, 626 (1870) 11 


KI 1-3006 

Ethylene bromide when heated in a scaled tube lor ten hours witli a 
solution of potassium iodide, is converted into ethylene iodide which 
hydrolyzes to form ethane. 

(a) (ColhBra + 2 KI -> C' 2 ll 4 l 2 + 2 KHr) 

(b) 7C2IIJ2 + 4II2O ^ OC'olIe + 2CO2 + 7I2 

Berthclot, Chein. News, 1, 101 (1867) 
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C 2 H 4 Br 2 

Zn 1-3006 

When ethylene bromide is treated with metallic zinc (or the zinc-copper 
couple), ethylene gas and zinc bromide are formed. In the presence 
of water ethylene bromide is rapidly decomposed at ordinary tempera- 
tures. In the presence of alcohol the reaction is very ^dolent. 

C2H4Br2 + Zn — ^ ZnBr2 + C2H4 

J. H. Gladstone an<I Alfred Tribe, J. C'hem. Soc., 27, 406 (1874) ^8 


C 2 H 4 Br 2 

Zn 1-3007 

Ethylene was prepared by the action of zinc on a mixture of equal 
volumes of ethylene dibromide and ethjd alcohol. 

C2H4Br2 + Zn ^ C2H4 -h (ZnBr2) 

W. Cnwood and H. S. Patterson, Trans. Roy. Soc. (London) 236A, 77-102 (1937) 105 


C’sHsBr 

NH 3 1-3008 

NaOH 

Tetraethyluminunium bromide may be prepared by mixing ethyl 
bromide and strong aqueous ammonia in absolute alcohol. Small quan- 
tities of a strong sodium hydroxide are added at intervals of about 
one week until an excess remains. 


dColbBr + XII3 + :iXa()H (('.IRbXBr + 3XaBr + 3H2O 

,\. iScott, .1. Clicm. Soc. tLondon'. 95, Pt . I, 1201 (1909) 


103 


CoHsHr 

NaoS.Os 1-300® 

Sodium tliiosulfate reacts with ethyl bromide when refluxed for 
several hours. Sodium etliyl thiosulfate and sodium bromide are 
formed. 

Xa2S203 + C.'2H6Br — ► S 02 (OXa)(SC 2 H 5 ) + X’aBr 

linns Runtc. Rer., 7, 647 (1874) 
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Zn 


(’sHsBr 


1-3010 


Coarse zinc powder when gently warmed witli ethyl bromide, forms 
zinc diethyl. 

2Zn + 2C2H,Bv 7MC2H,)2 + ZnBro 
H. Wilehelhaus, Ber., 1, 140 (1868) 


It 


Zn 


CsHsBr 

1-3011 

# 

Zinc-ethylbromide is formed when ethyl alcohol is boiled in the pres- 
ence of the dri/ zinc-copper couple. 

CsHsBr + Zn Zn(C 2 H 5 )Br 

J. H. Gladstone and Alfred Tribe, J. Chem. Soc., 27, 411 (1874) 48 


C 2 H 50 Br 


Zn 


1-3012 


Ethanol bromide, when treated witli metallic zinc or the zinc-copper 
couple, yields zinc bromoethylate. 

CzIUOBr + Zn ^ Zn(OC 2 H 6 )Br 

J. H. Gladstone and Alfred Tribe, J. Chem. Soc., 27, 414 (1874) 


48 


( Wdh-... 


Zn 


1-3013 


The zinc-copper coui)le acts on propylem* bromide by decomposing it 
into propylene and zinc bromirle. The evolution of propylene gas 
lasts about 24 hour.’^. AVat(‘r facilitatc's the reaction, whereas alcohol 
and ether ret aid it. 

('allGHi'e H“ Zn — ' ZnHr> -f" f .iHe 
J. H. Gladstone and Alfr<Ml 'I'libe. .1. Cbeni. Soc.. 27, 40S (1874) 


48 


t '.>11 1 0 H i l - 

Zn 1-3014 

Treatment of amvleiK* bnanidc nitli thcziiK- coj)pcr couple pnaliicos 

% 

amyleno gas and zinc bromide. 

('sHioBr-j T Zn - ► Znlh '2 + (' 5 II 10 

J. H. Ghulslone :uul Alfred Tribe. .1, (’hein. 27, ID'I (1874^ 
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(C2H6)3SiBr 

C 2 H 6 NH 2 1-3016 

Li 

When a solution of thethyl silicon bromide is treated -with metallic 
lithium, one equivalent of H is evolved per mole of the bromide and 
triethyl silicylethylamine is formed. 

((C2H6)3SiBr + C2H5NH2 + Li (C2H5)3SiNHC2H6 + LiBr + H) 

C. A. Kraus and W. K. Nelson, J. Am. Chem. Soc., 66, 199 (1934) 26 


• (C2H6)4NBr-Br2 

HCO 2 H 1-3016 

If tetraethylammonium perbromide is boiled with dilute formic acid 
the products are tetraethylammonium bromide, hydrobromic acid 
and carbon dioxide. 

(C2H5)4NBr-Br2 + HCO2H ^ (C2H5)4NBr + CO2 + 2 HBr 

A. Scott, J. Chem. Soc. (London), 96, 1, 12C1 (1909) lOS 


CNBr 

HI 1-3017 

At ordinary temperatures cyanogen bromide reacts with hydriodic acid 
to form hydrocyanic acid, hydrobromic acid and iodine. 

CNBr + 2 III IICN + HBr + I2 

!■' 1) Chattuwav and .1. .M. Wadnatn'. .1. Cliem. Soc., (Londcui). 81, 196 (1902) 

102 



CNBr 


1-3018 


When cyanogen bromide is treated with hydrogen sulfide, hydro- 
cyanic acid, hydrogen bromide and free sulfur are formed. 


CNBr + HoS IICN + HBr + S 


K. D. C’liuttaway and J. M. Wadinorc. .1. Clicm. Soc. 
Ref., ibid., J. rborii. Soc., 81', 196 (1902) 


(London) 81, 102 (1902) 


102 

IS 


H 2 SO 3 



1-3019 


When cyanogen bromide is treated with sulfurous acid and water, 
hydrocyanic acid, hydrogen bromide and sulfuric acid are formed. 

CNBr + II2SO3 + H2O -> HCN + HBr + HiSO^ 

F. D. Chattaway and J. M. Wadmore, J. Chem. Soc. (London) 81, 192 (1902) 
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CNBr 

1-3020 

Cyanogen bromide acts on hydrazine in a water solution to give amino 
cyanamide and hydrazine monohydrobromide. 

CN-Br + 2N2H4 NH.-NHCN N 2 H 4 -HBr 

Guido Pcllizzari and Carlo Cantoni, Oazz. Cliim. Ital. 36>. 291 (1905) 


CNBr 

NaSCSNa 1-3021 

A cold aqueous solution of sodium azidodithiocarbondisulfide added 
to freshl}^ prepared cyanogen bromide, reacts to form cyanogen azido- 
dithiocarbondisulfide which separates as a fine ciystalline solid on 
cooling the reaction flask in an ice bath and shaking for a few minutes. 

CNBr + NaSCSNa ^ NaBr + CN SCSN3 

Ij. F. Audrictli, A. W. Hrowne and C. W. Mason, J. Am. Chem. Soc., 62 , 2800 
(1930) IS 


CNBr 

A 1-3022 

Cyanogen bromide, when heated with a!)s()lute ether in a sealed glass 
tube at 13()°-140°C.. for 8-10 hours, polymerizes to form a white 
powder. 

3(’XHr-> (C'XHiOa 

A. FJghis, Her., 2, UiO (1S69) 11 

((’NBi-b 

H 2 O 1-3023 

When polymerized cyanogen bromide is heated with water in a sealed 
tube at 100®C'., hydrobromic acid and cyanic acid are formed. 

(CXBr )3 + 3II01I -> (3HCXO) + 3HBr 

A. Eghis, Ber., 2, ICO (18G9) 11 


( 'cSsBi'fi 

NaOH 1-3024 

Concentrated sodium hydi'oxide reacts with carbotrithiohexabromide 
producing sodium carbonate, sodium trisulfide and sodium bromide, 
at the temjjerature of t!i(‘ water bath and in the presence of a current 
of hydrogen. 

CsSaBre -h 12 XaOlI -> 2Xa2(’():. + Xa.,S3 + OXaBr -b (iir 2 <) 

C. Hell aiul Uheck. A. \\n. (’hem. Sur.. 4. 220 (1.^X2) / 
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BrFo 

S 1-3026 

Bromine trifluoride added to melted sulfur forms sulfur monofluoride 
and sulfur monobromide. 

2BrF3 + 8S ^ 3 S 2 F 2 + SsBr. 

P. Lebeau, Ann. Chim. Phys., [VIII), 9, 257 (1906) 100 

HBr 

HCN 1-3026 

A\'hen a current of hydrogen l>romide whicli has been carefully dried 
and freed from bromine is passed into hydrogen cyanide, maintained 
in the liquid state by means of a refrigerant, most of the gas is absorbed, 
and on prolonging the reaction long enough, a very light solid mass is 
obtained. Analysis shows the resulting compound to consist of one 
molecule of hydrogen bromide combined with one molecule of hydrogen 
cyanide. 

HBr + IlC’N HBr-HCX 

IT. Gal, Compt. ■Rend.. 61, (i-ti llS65» 



HBr 


1-3027 


The latent photographic image may be intensified by the use of hy- 
drogen peroxide. The following reactions take place when acid and 
soluble bromide are mixed with H 2 O 2 solution. 


(a) H 2 O.. -f- 2 HBr Br^ + 2 H.O 

(b) H 2 O 2 “h Bi'" — > O 2 2 HBr 

P. Wightman and R. F. Quirk, Sricnco, 66, 92 fl027> 


O 2 


HBi 


1-3028 


The reaction between hydr(»gen bromide ami oxygen is complete at 
temperature.s above 50()°C. At lower temperature it is slow in presence 
of moisture and negligible if the gases are dry. 

(tHBr -h (h 2Hr, + 2IM)) 


M. Herlliolot, Compt. Komi.. 166, 6S7 (I913i 

Uof.. M. Richardson. .1, Chem. Soc.. (I>ondon) 61. SOI (1SS7) 

Rof.. E. Moles, J. Chim. phys., 14. .389 (1916; 
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HBr 

Os • 1.3029 

Bromine and oxygen are obtained by the reaction of ozone upon hy- 
drobromic acid. 

Os + 2 HBr -^02 + H2O + Bra 

F. P. Treadwell and E. Anneler, Z. anorg. Chem., 48, 86 (1906) 28 


HBr 

P 2 O 5 1-3030 

Phosphorus pentoxide reacts with hydrogen bromide and therefore it 
cannot be used to dry this gas. 

(a) 4 HBr -j- -> 2Br2 -f P2O3 + 2H2O 

(b) lOHBr + PaOs 2 PBr 6 + 5H2O 

(c) OHBr -I- 2Br2 + P2O3 2 PBr 6 + 3H2O 

E. iMoIcs, J. Chiiu. phys., 14. 380 (1916) 09 


HBr 

U.V. Light 1-3031 

Hydrogen bromide is not decomposed by visible light, but only by 
ultraviolet light. 

2 HBr Ih + Br^ 

IJ. Bertlielot and H. Gaudechon, Coiupt. Rend., 166, 6S7 (1913) 

Ref., E. Moles, J. Chim. phys., 14, 389 (1916) 09 


HBr 


Dimethylaminoacetic acid 


1-3032 


When an utiueous solution ol dimetliylaminoacetic acid and excess 
hydrobromic acid is concentrated, dimethylaminoacetic acid hydro- 

bromide is formed. 

('H 2 N(CH 3 ) 2 C 0 UH -h HBi CHsN’tCHsjsCOOH • HBr 

Anslow and King, Jhochein. .1., 22, 1258 (192S) 




724 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


HBr 

p-Methyl methoxyqumoIme-2-carboxyIic acid I-3D33 

When p-methyl methoxyquinolme-2-carboxylic acid is refluxed with 
hydrobromic acid for 4 hours, crystals of the hydrobromide of 6-methyl- 
kynurenic acid separate. 

C9H4N(CH3) (0CH3)C00H + 2HBr 

^C9H4N(CH3) (OH)COOH-HBr + CHaBr 

Robson, Biochem. J., 22, 1162 (1928) 6S 


HBr-HCN 

H 2 O 1-3034 

Water decomposes the hydrogen bromide-hydrogen cyanide com- 
pound into its constituents. After some time the hydrogen cyanide 
is transformed into ammonium formate. 

HBr-HCN HBr ~\- HCN 

HCN -1- 2H2O ^ HCOONH4 

H. Gal, Compt. Rend., 61, 644 (1865) 29 


HBr-HCN 

KOH 1-3036 

Potassium hydroxide acts energetically on the hydrogen bromide-hydro- 
gen cyanide compound, giving off ammonia, and forming potassium 
bromide and formate. 

HBr-HCN -f 2KOH NH3 + KBr -f- HCOOK 

H. Gal, Compt. Rend., 61, 644 (ISGo) 29 


HBrO 

H 2 O 2 1-3036 

The amount of hypobromite ion can be determined by adding hydro- 
gen peroxide and titrating the liberated Imlrogen bromide. 

HBrO + H0O2 -- HBr +02+ H^O 

II. Krctzscliinar, Z. Elektrochem., 10 , 789 (1904) 
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HBrOa 

CS(NH2)2 1-3037 

Thiocarbamide will be oxidized by bromic acid to urea and sulfuric 
acid. 

4HBr03 + 3CS(NH2)2 -h SHzO 3CO(NH2)2 + 3H2SO4 4- 4HBr 

L. Szebelledy and W. Madis, Z. anal. Chem., 114, 253 (1938) 28 


HBrOa 

HBr 1-3038 

The equilibrium of the reaction given below is determined by EMF 
measurements. 

HBrOa H- 5HBr ^ 3Br2 + 3H2O 

R. Luther and G. V. Samniet, Z. Elcktrochcm., 11, 295 (1905) 86 


HBrOa 

HCNS 1-3039 

Thiocyanic acid will be oxidized by bromic acid to sulfuric acid and 
hydrogen cyanide. 

HBi'O^ + HCNS -i- H2O — H2SO4 H- HCN + HBr 

L. Szebelledy and W. Madis, Z. anal. Chcin., 114, 343 (1938) 


H2C2O4 2H2O 


HBrOa 


1-3040 


H2SO4 

MnS04 

A solution of oxalic acid in 12% sulfuric acid and 5% manganese sulfate 
is treated with bromic acid to give carbon tlioxide and hj'diobromic 


acid. 

HBrOa + 3H2C204-2H20 (iC02 + W 2 O + HBr 

L. Debourdeaiix , Ann. Chim. Anal., 9, 167 (1904) 


HBrOa 


HCOOH 

Bromic acid is reduced to bromine by fonnic acid. 

2IIBrO,i + oTIC’OOlI Brs + GILO 4 SC'Oo 

Rupp and Hartman, Aicli. Pharm.. 243, 98 
Ref., .1. Am. Chem. Soc., 28, 1742 (1906) 


1-3041 


/ 
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JIB1O3 


1-3042 


Bromic acid and hydriodic acid in an aqueous solution react to give 
hydrobromic acid, water and iodine. 


HBrOa + 6HI ^ HBr + 3H2O + 3I2 


(I. Magnunini, Clazz. chim. 


ital., 20, 377 (1890) 



HBr04 

KOH 1-3043 

When an aciueous solution containing the unstable perbromic acid is 
treated with potassium hydroxide, potassium perbromate is formed 
with elimination of water. 

HBrO^ + KOn ^ KBrO, + H2O 

.\I. M. Paltison .Muir, ,1. C'lieni. Sot’., 27, 32o (iS74) 4^ 

Kef., K. Gerstl, her., 7, 259 (1874J 11 



XIl,Hr 


1-3044 


Potassium will reduce ammonium hnunide to give potassium bromide, 
ammonia and free hydrogen. 

2NH4Br + 2K — 2KHr + 2X113 + Ih 


K. \\ . liowerniaii and W. C. Pernelius. .1. .\in. C’lieni. Soc., 61, 121 (iy3!p 


S 


NaOH 

H2SO4 


XlbBr 


1-3046 


.Vmmonium bromide was assayed i)y dissolving in water anddistilling 
with excess sodium hydroxide into half normal sulfuric acid. Excess 
acid was then titrated with standard sodium hydroxide using methyl 
red as indicator. 


(a) 


MI, Hr + XaOH > XaHi h II2O -f- Xll., 


(b) 


Xll,3 f Ihsth XfIdIS04 


(iol'istciii :itul Keindcdlur. .1. .\in. Pliarni. 28, 85 )!93ai 
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CH 3 OH 1-3046 

Alethyl alcohol, wlxeii treated witli phosphorus trihromide, produces 
methyl bromide, hydrogen bromide, and monomethylphosphorous 
acid. 

PBra + 3CH3OH -> 2 CH 3 Br + HBr + PCOIOsCOCIR) 

J. W. Walker and F. M. G. Johnson, J. Chem. Soc. (London), 87. 1594 (1005) 102 


PRr 3 

H 2 O 1-3047 

The hydrolysis of phosphorus trihromide is a convenient method for 
preparing pure hydrogen bromide. In practice l)romine is made to 
react with red phosphorus triturated with water. 

PBrj + 3H2O 3 HBr + LbPOa 

F. Moles, J. Chim. phys., 14. 389 (191G) 69 


PBr 3 

O 2 1-3048 

Bromine aiul phospliorus pentoxide are the products of the reaction 
of a fine stream of oxygen gas upon hot pliosphorus trihromide. 

iPBra + 5O2 2P2O5 + (iBr.> 

A. C. Christomanos, Z. anorg. Cliom., 41, 287 (1004) -S 


VHv, 


Glutaminic acid 


1-3049 


A mixture of glutaminic acid suspended in toluene and excess 
forms glutaminyl monobromide when refluxe<l. 

zno»CQ'uy\u{vuM'()on + PBra 

— 3n02a'IINll2(GH2)2C’()Br + (IRPOo) 

C. P. Stewart and H. K. TunnidilTc. Hiorhoiu. J.. 19, 207 (1925) 


62 


PBr. 


Hydantoinpropionic acid 

When liydantoinpropionic acid is relluxed with exce.^s phosphorus tri- 
bromide, livdantoini)ropionyl bromide is loimed. 

3C’.sH7X2()-jC'()()1I + PBi- 3 - ■ 3(’5ll7X2t)-A’()lh* + 

('. P. Stewart aiM H. K. Tunnirliffe, Mioehein. J.. 19. 207 (1925) 


1-3060 
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PBrg 


1-3051 


Phosphorus oxybromide is not now produced commercially. The only 
procedure indicated for its preparation consists in the partial hydration 
of phosphorus pentabromide. 


PBrg 4- H 2 O ^ 2HBr -f POBrs 

E. Berger, Bull. Soc. Chim. I4] 3, 721 (1908) 


PBrj 

P 2 O 6 1.3062 

Phosphorus pentabromide is heated in a flask with a small excess of 
phosphorus pentoxide for 4-5 hours. Distillation and rectification of 
the crude product gave an 85% yield of phosphorus oxybromide. 

SPBrs + P 2 O 6 -> 5POBr3 

E. Berger, Compt. rend., 146. 400 (1908) 55 

Uef., E. Berger, Bull. Soc. Chim., [4l, 3, 721 (1908) SI 


PCLBrg-SBra 

PCI 3 1-3063 

When phosphorus trichloride is added to octabromophosplionis tri- 
chloride various addition products are formed; when an excess of 
phosphorus trichloride is added, and a crystal of totralu’omo phos- 
phorus trichloride added, the latter compound crystallizes out. 

PCbBra -SBrs + PCI3 ^ 2PCl3Br2-Br2 
Michaelis, Ber., 6, 415 (1872) 11 


PCl3Br2-3Br2 

SO 2 1-3064 

Diy sulfur dioxide reacts slowly with octabromophosphorus trichloride 
to form phosphorus oxychloride, bromine and sulfur tctrabromide. 

2(PCi3Br2-3Br2) + SO 2 2 POCI 3 + SBr4 + OBrs 

A. Michaelis, Ber., 5, 415 (1872) II 
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H2O 


POBra 


1-3066 


Phosphorus oxybroinidc is decomposed by water to form phosphoric 
acid and hydrobromic acid. 


POBra + 3H2O -- H3PO4 H- 3 HBr 

K. Bergor, Coinpt . rend., 146, 400-1 (1908) 



PSBra 

CsHfiOH 1-3066 

Ethyl alcohol reacts with phosphorus thiobromide when heated in a 
sealed tube forming hydrobromic acid and triethoxyphosphorus sulfide. 

PSBrs + SCsIhOir --v PS(C2H50)3 + 3 HBr 

A. Michaclis, Her.. 6, 4 (1872) // 


PS Bra 

H2O 1-3067 

Water slowly decomposes phosphorus thiobromide to form hydrogen 
sulfide, sulfur, phosphoric and phosphorous acids. 

(a) PS Bra + 4H2O ^ IlaPO. + IbS + ( 3 HHr) 

(b) (H 3 P 04 + US HaPOa + HoO + S) 

A. Mieluiclis, Bor., 4, 777 (1871) 


PSBra 


PCI 


1-3068 


Phosphorus pentacliloride reacts with pho.sphorus thiobromide to form 
phosphorus thiochloridc and pliospliorus pentabromide. 

3PC’U + fiPSBia ^ oPSC’b + 3PBr5 

Michuolis, JUt., 4, 777 (1871) 


n 


PoSaBn 

C2H5OH 

Ethanol reacts with the bromide of trithioiiyrophosphoric acid to form 
the tetraethoxy compound. 

PoSaBij -b 4C’2ir5<)H -> P2^3(('2H5<>)4 + 4HBr 

I! 


A. Micliaelis, Her., 5, 9 (1872) 
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PSBrClz 


HoO 


1-3060 


Water reacts with phosphorus thiobroino chloride to form phosphoric 
and phosphorous acids, sulfur, hydrochloric and hydrobromic acids. 

(a) PSHrCb + dHsO ^ H3PO4 + H2S + 2HC1 + HBr 

(b) (M,P04 + H2S H3PO3 + S + H2O) 

A. Micliaolis, Her., 5, S (1872) 


11 


8261-2 

H 2 O 1-3061 

Sulfur monobroniide when shaken in an excess of cold water 
decomposes. 

2S-.Br2 + 31120 nSO.i + :3S + 4IIBr 
W. Smith. J. Iiid. l-hig. Clieiii., 7, 849 (1915) 22 


ScBr^ 


H.O 


1-3062 


An excess of cold water decomposes .s(*lenium tetrabromide according 
to the following equation. 

SeBr 4 + 3 H 2 O ^ IbSeO^ + 4HBr 
W. Smitli, J. Ind. Eng. Chem., 7, 849 (1915) 


22 


SeBr4 


SeOo 


1-3063 


.S(.4onium o.xybromide is formed when selenium dioxide unites with 
selenium tctra))romidc. 

Se()2 + 8oBri — > 2ScOBr2 

\'. .1. \m. Chcin. Soc.. 44, 1068 (1922) 


I 


8 e2Br2 


(CH3)2NHHBr 


1-3064 


liright red i)rismatic needles are obtained when a mixture of selenium 
bromide and dimelhvlamine hvdrohromide, in dilute hvdrobromic acid, 
is evaporatt'd. 

2Se2Br2 + 2(Cll3j2MI ■ HBr SeBrr2( ClEl.NH- HBr + (38e) 

.J. F. Norriti, Am. Clium. J., 20, 505 (1898) 


1 
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SeaBi'i 

H 2 O 1-3065 

Selenium preeipitates when selenium monobi'omicle reacts with water. 

2Se2Br2 + 2 H 2 O ^ + Seth -|- 4HBr 

J. F. Norris, Am. Chcm. J., 20, 505 (1898) / 

SeOHro 

CI 2 1-3066 

Clilorine displaces bromine from selenium oxybromide. 

SeOBro -f C'b SeOC'b -|- Br> 

V. Lenhcr, J. Am. Clicm. Sor., 44, IGOO (1922) 1 


SeOBis 

S 1-3067 

Selenium as well as sulfur react with selenium oxyl)romide in solution 
liberating: sulfur dioxide. 

(SSeOBio + (')S ^ 4S().. + 3Se2Br2 -}- SoMr. + 2SeBr4) 

V. Lenhcr, J. Am. (’hem. Soc., 44, HiC>9 (1922) 25 


Set ) Hr-' 

Se 1-3068 

Selenium di.ssolves a large ((uantily ot selenium oxyi)i'oniide producing 
selenium inonobromide. 

2SeOBi'-> -f- 3Se — * 2Se2Mi‘-j -f- ScO-j 

V. Lcnher, J. Am. (‘I»em. Soc., 44, 1609 (1922) 1 


SiBr4 


AgsO 


1-3069 


Silicon 1(‘trabroinidc' relluxcd .<ln\vly with siher oxidt'. It is then 
dried for twenty-four hours at 7.")°. two hours at 120'’. and one hour at 
140°. 'i'lie dark l)iown color <tf the sih er oxide .-lowly disa])i)ears. l)eing 
replaced l>y the yelh*w color cliaracteri-li«' of silver bromide, and at the 
end of thirtv houj> tlu' proc(‘<s is complelecl, 

SiBr 4 + 2.Vg-4> ^ ' lAgHr + Si(>. 

AV. C. Schuinb aid ('- IL Klein. 4. Am. Chem. Soe., 59 , 261 (1987; 


.i 
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SiBr4 

SbFa I_3070 

The fiuorination of silicon tetrabromide with antimony trifluoride 
(without a catalyst) yields all three mixed halides. 

(6SiBr4 + 7SbF3 SiFBrg + SiF2Br2 

+ SiFsBr + SbF2Br + SbFBrz + 5SbBr3 + 3SiF4) 

\V. C. Schumb and H. H. Anderson, J. Am. Chem. Soc., 68. 994 (1936) 5 


SiFBra 

CI 2 1-3071 

Silicon fluorotribromide and chlorine are mixed in a four to three pro- 
portion. Heating gently for two liours completes the reaction. Mer- 
cury is then introduced into the cooled globe and the free bromine 
q)iantitatively removed thereby. 

4SiFBr3 + SCU ^ 2SiFClBr2 + 2SiFCl2Br + 3Br2 

W. C. Schumb and H. H. Anderson, J. Am. Chem. Soc., 69 651 (1937) 5 

SiHBr3 

NaOH 1-3072 

Hydrogen is evolved when silicobromoform is treated with a solution 
of sodium hydroxide. 

SiHBra + 5XaOH ^ 3XaBr + Na 2 Si 03 + H 2 + 2 H 2 O 

Schumb and Bickford, J. Am. Chem. Soc., 66, 853 (1934) 1 


NH3 


SiSBrs 


1-3073 


Silicon thiobromido reacts with liquid ammonia to produce the cor- 
responding amide. 

SiSBra + 4 XH 3 SiS(XH 2)2 + 2XILBr 


Blix, Her.. 36, 4219 (1903) 

Kef., E. C. Franklin, J. .\ni. Chem. Soc., 27, 820 (1905) 
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c- AslH, 1-1200 

f* AsaS,. 1-1439, 1-1440, 1-1441, 1-1442 
c (CdhlaAs, 1-1515, 1-1516 
c CIIC’l:CH),As, 1-1540 
AsH, c AsCla 1-1132 
Asl, c AS 2 S 3 , I-I444 
c (C 6 H 5 )sAs, 1-151/ 
c C 6 Ha(CH,) 2 As. 1-1.548 
AS 2 O 3 c AsSa, M431 
AsjOa c AsaSa, 1-1435 
c AS 2 S,, 1-1445 
AS 2 O 3 c PbllAsO^, 1-2022 

AsaOi BeS 04 H- (NH4)-.>S04 c Xa^HAsO,, 
’ 1-1985 
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AS 2 S 3 c Asia, 1-1247 
c AsjOa, 1-1266 
Au c Al, 1-9, MO, Ml 
AuCla c Ai, M2 
c AUTea, 1-557 
c AsaOa, 1-1267, 1-1268 
c (C 2 H 6 ) 3 As, M512 
c KH(As02)2, 1-1759 

B 

B 0 Al, M3 
BASO 4 c Al, M4 
BBra c AsClj, 1-1133 
c AsHa, M201 
B 2 O 3 c Al, 1-15 
B 2 O 3 + PbF 4 c Al, M 6 
+ S c Al, M7, 1-18 
BaBr 2 c SbBra, 1-797 
BaCOa c AlaOa SiOz, 1-474 
BaCla c Al 2 (C 204 ) 3 , 1-297 
c A 1 (C 204 -NH 4 ) 3 , 1-300 
c AlCla, 1-217 

c K2.\1:(S04)4, 1-616 

c 2 K(Sb0)C4H406 H20, 1-739 

0 ((NH4)20)3-Al203-9W03, 1-628 
c Na 3 As 04 - 12 H: 0 , 1-1922 
(• NaaAsOaS, M932, 1933 
c NaaAsOSa. 1-1929 
c NasAsOaSa, 1-1928 
c NaaAsOaSe, 1-1939 
c NaoHAsOaS, 1-2006 
4- NuaSaOs c SbaOs, 1-929 
Ba(C 103)2 c AI 2 (S04)3, 1-485 
Ba(HS )2 c AsiSs, M476 
Bala c HaAsOa, I-160S 
Ba(N03)2 a KH(As 02)2. 1-1760 
C (NHaloHsASaMoTOas, M810 
BaOz c Al, 1-19 

c AlCb, 1-218 

Ba(OH )2 a Al, 1-20 
c A1{0H)3, 1-434 
c AS 2 O 3 , 1-1269, 1-1270 
c AsjOa, 1-1402 

BaCOHls-SH.O c CsAUSO^):* 12H.O, 1-586 

BaPtCNOa)^ c Al2(S04)3, MS6 

Ba(SH )2 e AS 2 O 3 . M309 

BaS 04 c Sb 2 CS 04 ) 3 , 1-1018 

BeCla 4“ NunSaOa c AICI 3 , 1-219 

Bela a HjAsOa, 1-1609 

BeO c HaAsOa, 1-1648 


Be(OH )2 c AS 2 O 3 , M399, M400, 1-1401 
c HaAsOs, 1-1649 
BeSOi c Na 3 As 04 , 1-1909, 1-1910 
c Na2HAs04, 1-1986, M987 
BiCb c AsHa, 1-1202, 1-1596 
c (C6H5)3 As, 1-1518 
c (CcHslaSb, 1-689 
Bila c C 6 H 6 (CH 3 ) 2 As, M549 
BiaOa C AS 2 O 3 , 1-1271 
Br c Al-Cu, 1-302 
c AsHa, 1-1224 
4- (CsHslaO c Sb, 1-762 
4- CS 2 c AlBra, 1-190 
Bra c AI, 1-21, 1-22 
c AlBra, 1-190 
c AsHa, 1-1203 
c (C8H3CCH3)2)3Sb, 1-695 
c (CHCliCHlaAs, M541 
c (CH 3 )aSb, 1-663 
c CHa- SbBra. 1-664 
c (CH3)2SbBr, 1-666 
c NaAI(OH)20, 1-655, 1-656 
4- S c As, 1-1053 
4- S c AsaOa, M272 
4- NH 4 Br c SbBra, 1-793 
Br C«H3(CH3)2 c SbCU, 1-806 
4 - Na c SbCIa, 1-807 

C 

C c Al, 1-23, 1-24 
a AljOa, 1-358, 1-359, 1-360, 1-426 
a HaAsOa, 1-1610 
a 2 (KSb 0 *C 4 H 40 a) H20, 1-740 
a NaaAlOa, 1-649 
a PbHAs04, 1-2023 
a SbjOa, 1-930 

BaOa a Al2(Si203)3, 1-552 
4 - CI 2 a AI 2 O 3 , 1-361, 1-362 
-h FeS a AI 2 O 3 , 1-363 
-h N a AI 2 O 3 . 1-364, 1-365, 1-366, 1-367 

4- S a AI 2 O,, 1-368, 1-369 
C(CH20H)4 c p-CH0C8H4As03H2, M565 

CCI 4 c Al, 1-25 
a AlBra, 1-191 
a Alla, 1-311 
a As, 1-1054 

a SbFa, 1-880 

4- CI 2 c SbaOa, 1-931 
CaCla a Alia, 1-312, 1-313 
CiCle 5 Al, 1-26 
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CCI 4 S c NajAsO,, 1-1832 
CiH, c AgiAs 04 , 1-1037 
c AsCla, 1-1134, 1-1135 
c SbCU, 1-852, 1-853 
C#Hs(N 02 ) 30 H c AI(0H)3, 1-435 
C*H* c Aids, 1-220 
c CsHfiCOCl-AIds, 1-562 

c CeHsSOaCl ' Aids, 1-566 
cm-N02CflH4COd-Ald5, 1-632 
c p-N 02 C«H 4 COd-AICI,, 1-631 
+ SO 2 c Aids, 1-221 
-t- SOCI. c Aids, 1-222 
(C6H5)3As c Asds, 1-1136 
(C«H 6 )sBi c Asds, 1-1137 
5 SbCIs, 1-808 
CsHsBr c Aids, 1-223 
c Asds, 1-1138 
CtHtSf c Asds, 1-1162 
CHsCd, c Alls, 1-314 
C4HsCds c SbFs, 1-881 
CsHsCHs c Aids, 1-224 
c CsHsCOd-AlCls. 1-563 
cCsHsSOaCl-Alds. 1-567 
cm-NOaCsHsCOCl-Alds, 1-633 
c p-NOsCeH^COd Alds. 1-634 
CsHsCH.N, c NasAsOs. 1-1833 
CsHe(CH 3)2 As c Sbis, I-OOfl 
o-C 6 HsC 6 H 4 N 2 d c SbCIs, 1-809 
C«H 4 (CH 3 )S 202 Na c Na,AsOs. 1-1834 
CHs-CO CH.COCHs c Aids, 1-225 
c AI(N03)3, 1-344 
C^HsCOCsH^OCHs c AlCls, 1-226 
CsHsCONs c NasAsOs M835 
CHsCONCCMlOBr f- NusAsOs. I-1S36 
CsHuCOsNa c Ai2(S04)s. 1-487 
CHsCOOCHs c NaAsOs, 1-1813 
(CH,COO) 2 Ca c Xa 2 HAs 04 . 1 - 10 S 8 
(CH3COO)2Cu c A1, 1-27 
CH 3 COOH c Al, 1-28 
c AlBr., 1-192 
c AICI 3 , 1-227 

c AlCl3*2(CH,COO)3Al, 1-295 
CHaCOONa c As^Oa, 1-1273 
c PbHAsOi, 1-2024 
(CHaCOOsPb c Al, 1-29 
(CH3COO)2Zn c H ASO2 , 1-1603 
(CH3C0S)2 c NaaAsOj, 1-1837 
CHjCOSlI c AsCIs, I 1139 
e NajAsOa, I-183S 
+ H2O c Asia, 1-1248 


CHCla 6 As, 1-1054 
CHjCl COONa c N^3A8S4, 1-1944 
c Na 3 SbS 4 , 1-754 
(CsHslaHg c AsCls, 1-1140 
(CaHrliHg c Al, 1-30 
CHI 3 c NajAsOs, 1-1839, 1-1840, 1-1841 
CHal c (CHCl:CH),As. 1-1542 
C 2 H 5 I c AgaAsOs, 1-1033 
c Ag,As 04 , 1-1038 
CsHfil c Al, 1-31 
C 3 H 7 I c As, 1-1055 
CflHsICb c NaaAsOa, 1-1842 
CioHjMgBr c SbCla, 1-810 
CHjMgl c AsBn, 1-1117 
c AsCIa, 1-1141 
CsHfiN c HSbCls, 1-708 
4- AgNOa c HSbCIs, 1-706 
CsH^Na c NaaAsOa, 1-1843 
C 9 H 7 N c HSbCls, 1-708 
CsHsNCCOCHalNO c NajAsOa, 1-1844 
CsHjNCCOCsHONO c NaaAsOa, 1-1845 
CsHsNzCl c HsAsOa, 1-1611 
CHa-NHt c H 4 AS 2 O 7 , 1-1713 
C 2 H 6 -NH 2 c H 4 AS 2 O 7 , 1-1713 
CiHsNHOH c NaaAsOs, 1-1846 
CH3N(N0)C02C2H6 a NajAsOs, T-1847 

CsHsNOa a NaaAsOa, 1-1848 
CsHsNO a NaaAsOa, 1-1849 
CsHaNOa a NaaAsOa, 1-1850 
C2 oH: 4N203 a NaaAsOa, 1-1851 
C2 iH 2:N202 C2H402 a KSbFs, 1-723 
CzaHseNjOi C-H^Os 0 KSbFs, 1-723 
CeHsNzOH a HaAsOa, I-I612 
iCUi)tNOn 4- HF c KsHaSbaOs, 1-728 
CoHsNOII a Al(NOa)3, 1-345 
CijHziNO^ HCl a KSI)F6, 1-723 
{CzIIslsO a AlBra, 1-193 
a Asia, 1-1249 
CjH^Oa a Al(i\Oa)a. 1-346 
CXHeOa 4- CzH.On c SbzOa, 1-932 
C4H6O9 a AI(0H)3, 1-436 
CiHsO: a AsCla, I-H42 
CaHcO a Alda, 1-228 
C.sHaiOa a Sb, 1-763 
(C-.Ha02)3Ba a Al2(S04)3, 1-488 

cacocila a CelCOCOCI-AICIa, 1-564 

f; CMCSO-CI AlCIa, 1-568 
I- ni-N02C6H4C0Cl-Ald3, 1-635 
(- p-NOaCelliCOCl AICia, 1-636 
(Ml406(('Ha)2 a KAIO2. 1-596 
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CaHsOCl c NasAsOa, 1-1852 
(C2H302)3 Cu c Sbla, 1-908 
(C2 oH2902)2Cu c A1, 1-32 
CH 3 OH c AlBra, 1-194 
C 2 HSOH c AICI 3 , 1-228 
c Alla, 1-315 
c AIN, 1-326 
c AI 2 O 3 , 1-370, 1-371 
c 2Li3SbSU-17H20, 1-750 

c SbCL, 1-811 

c SboOa, 1-933 
c SbA, 1-972 
CaHaOH c AICI 3 . 1-228 
C6H3(0H)3 0 SbCla, 1-812 
(’6H4(0H)-C00H c NaaAsOsS, 1-1934 
C 3 H 5 ONCHXC c NaaAsOa, 1-1853 
C.aHnCNS c SbC'b, 1-813 
CaHaOiNa c AUASO.h, 1-489 
CalLONa c AsBfa, Ml IS 
c AsCU, 1-1143 
c CeHsAsCb, 1-1535 
c (C6H5)2 AsC1, 1-1532 
(C 2 H 302 ) 2 Pb c A 1 ..(S 04 ) 3 , 1-490 
c AsHj, 1-1204, 1-1205 
(- KH(As203)2, 1-1761 
0 Na3As04*12H20, 1-1923 
c NaaHAsO^, I-198U, 1-1990. 1-1991 
(CaHjO^OaPb-SHoO c NaallAsCb. 1-1992 
(CsHsliPb c AsCMa, 1-1144 
c SbCla, 1-814 
c SbCl:„ 1-854 
(CIUjSj (■ NajAsOa, 1 - 18 ^ 
fCalbOsS-a c NaaAsOs, 1-1855 
(C'sII.OsSo c NaaAsOa, 1-1856 
(C’6H5)2S2 c NaaAsOa, M857 
CIInSHCOOH c AsjOa, 1-1274 
(■ Sb.Oa, 1-934 

((’Il3)3S04 c NaaAsOs, M85K 

V NujAsOa, 1-1859 
(' 6 H.,s 62 ('I c AICI 3 . 1-229 
('6H4(S0201I)XN0Xa f* XajAsO,,, I-IH60 
CcIUSSCX c XaaAsOi, 1-1861 
(felDa^b c As, 1-1056, 
c AsCb, 1-1145 
C’aH.SbCb c SbC’l... 1-855 
('XBr c (CHslsSb, 1-662 
CXC’l + Xa.O f* XasAsOa, M862 
{'XI c (C6lL)3As, I-15I9 
(-■ ((’6ll5)3Sb, 1-690 
c Xa3A.s03, I-1S63 


CNSCaHs c NasAsOa, 1-1864 
CNS-CN c NajAsOa, 1-1865 
CO c AI, 1-33, 1-34, 1-35, 1-36 
CO 2 c Sb, 1-764 
COj c NasAlOj, 1-650 
COaCaHfiNBrz c NajAsOa, 1-1866 
COCI 2 c AlBra, M95, 1-196 
c Alls, 1-316 
c AUOa. 1-372 
c AS 2 O 3 , 1-1276, I-I277 
4- CaCIa e AlClg, 1-230 
(COCl )2 c AS 2 O 3 , 1-1275 
C^OsHeC A1(0H)3, 1-437 
c Al2(S04)3, 1-530, 1-531, 1-532 
C^OeHa c AI(NOa) 3 , 1-347 
C^OaHa c SbFa, 1-882 
c SbzOa, 1-935 

C^OaHaNHa c Al(OH) 3 , 1-438 
CS 2 c AlBra, 1-197 
c AIC13-2S4C12, 1-292 
c AI 2 O 3 , 1-373, 1-374, 1-375 
c Al 2 (S 04 ) 3 , 1-491 
(CS0C2H6S)2 c NaaAsOa, 1-1867 
Ca c AI 4 C 3 , 1-204, 1-205 
c AICI 3 , 1-231 
c COAIjCls. 1-569 
CaCs c AUOs. 1-376, 1-377 
CaCNs c Al 2 (SOi) 3 . 1-492 
C'aCOa a AI 2 O 3 , 1-378 
a A1(0H)3, 1-439 
a KAl{S04)2 l2H20, 1-617 
a PbHAs 04 , 1-2025 
CaC20i a SbjOs, 1-936 
CaClj a COAIaCls, 1-570 
a (Ca0)3 Al203, 1-572 
a KH(A8202)2, 1-1762 
a XasAlFa, 1-637 
a X'aAI02, I-64I 
c Xa3As04 l2H20, 1-1924 

Ca(C]0)2 a NasAsOa, M868 
CaF2 a A]2(S04)3. 1-493, 1-494, 1-495 
a AsCla, 1-1146 
c (XIl4)3As04. 1-1796 
Call; c vSbsOs, 1-984 

(■a(HC 03)2 a Al 2 {S 04 ) 3 -Al 2 (S 04 )i(OH)t. 

1-644 

cXaAI02,I-&42 

(■aH 4 (P 04)2 a {XH4)2Al2(S04)^, 1-026 

Cal2 a H3ASO3, 1-1613 
Ca(XO.02 a Xa2HAs04. M993 
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CaO c AUO*, 1-379, 1-380, 1-381 
e AljOrHsO, 1-428 
c AsiOi, 1-1278 
c AsiSj, 1-1446 
c HiAltSigO), 1-595 
g NasAlF*, 1-638 
g (Na20)2 (Si02)iAl203, 1-658 
+ Fe c AUOs, 1-382 
-f* FcjOs c AI 2 O 3 , 1-838 
Ca(OH )2 g Al, 1-38 
c Al2(S04)8, 1-496 
g AS 2 O 5 , 1-1279 
g AsjOs, 1-1402 
g (CaO)a- AUOsi 1-573 
a H,As 04, 1-1650, 1-1651, 1-1652 
a K 5 AIO 3 , 1-601, 1-602 
Ca(P08)2 + SiOs a Al, 1-40 
Ca8(P04)2 a Al, 1-39 
CaS a NajAlF*. 1-639 
+ C a Al(OH),, 1-440 
+ C -h S a AI 2 O 3 , 1-384 
CaS 04 a AI 2 O 3 , 1-385 
a A1(0H)3, 1-441 
a AS 2 O 3 , 1-1280, 1-1320 
a ((’a 0 ) 3 -Al 203 , 1-574, 1-575 
a (Ca0)5(Al203)3, I-5SO 
a 81)2(804)3, I-10I9 
CaS203 a NusAsOs, I-I869 
CaSiOa a AI..O 3 , I-38G 
Cd a As, 1-1057, 1-1058 
a H 3 ASO 4 , 1-1653 
CdBr a SbBrj, 1-797 
CdCU a AsHj, 1-1206 
Cdls a CeH 5 (CH 3 ) 3 AsI. I-15G1 
Cd(N03)2-4ll20 + Na^COa e HjAs 

1-1654 

CdO a K 3 As 04 , 1-1739 
CdS04 a Al, 1-41 
a HsAs, 1-1596 
a KH(As02)2. 1-1763 

a NaAsOi, 1-1814 

a Na4As207, 1-1959 
Ce 02 a AS 2 O 3 , 1-1281 
Ce 203 a H 3 ASO 4 , 1-1655 
Ce(S04)2 a AS 2 O 3 , 1-1282 
Ce(S 04)2 + (OSO 4 ) a UjAsOa, 1-1614 

a HjSbOa, 1-711 

Cl c AIN, 1-327 
a AsHa, 1-1224 
+ S c A 1 C 13 - 2 S 2 C 12 , 1-293 
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Cli a AIN, 1-328 
5 As, 1-1059, 1-1060 
c AsCIs, 1-1147, 1-1148 
a AsHa, 1-1207 
a AssOj, 1-1283 
a AsSi, 1-1447 
a (C8H3(CI‘Is)2)3Sb, 1-696 
a (CH,) 3 Sb, 1-663 
a CC,oH,)3Sb, 1-699 
c (CH,) 2 SbCl, 1-671 
a CHjSbCb, 1-673 
a CoSb, 1-702 
c CoSbz, 1-705 
a NajAsOj, 1-1870 
c Sb, 1-765 
a SbjOa, r-937 
-f- H 2 O c AS 2 O 3 , 1-1284 
-f S a AS2O3, 1-1285 
ClCOsCCla a AI2O3, 1-387 
CbO a As, 1-1061 
Co a AsCIa, 1-1149, 1-1150 
a Sb, 1-766, 1-767 
a SbCla, 1-815, I-81C 
C 0 CO 3 a A1(0H)3. 1-442 
a II 3 ASO 4 , 1-1656 

f’oCb a A 1 (C 204 XH 4 )s, 1-301 
-\- NH 4 CI a KaAsOa, I-I730 
Cola a II 3 ASO 3 , I-16I5 
Co(N 03)2 a KIKAsO.),., 1-1764 
a NaAsOa, 1-1815 
a NasAsOs, 1-1871 
a NaaAsOi, 1-191 1 
a Na4As20T, 1-1960 

CoO a AI2O3. 1-388. I-3S9, 1-390, 1-391 
a K3 As04, 1-1740 
('03O4 a AI, 1-42 
Co(OII )2 a A1(0II)3. 1-443 
CoS c Al, 1-43 
CoSb a SbCU, 1-817 
Cr a As, 1-1062, I-10G3 
Cr -f II 2 S c Al, 1-44 

C’r2(NH2-CH..-CH,XII.)3Cl3 c X!i3SbS4, 
1-755 

( 'rO, a AS 2 O 3 , I - 1 286 , 1 - 1 287 
-p MgO a Al, T-47 
CraOs a Al, 1-45 
-f B a AI, 1-47 

Cr(OH )3 -f KOH a HsAsO^, 1-1657 
-f XaOH V II 3 ASO 4 , 1-1657 
{>2(804)3 a KH(AsO.,)c. 1-1765 
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CsBr c AsBra, 1-1119 
CsCl c SbCl,, 1-818 
c SbCls, 1-856, 1-857 
+ HCl c AsaOs, 1-1288, 1-1289 
CsF c SbFs, 1-883 
Csl c Asia, 1-1250 
c Sbla, 1-910 
CSj c AliOa, 1-374 
CSa "f" POi c AlaOa, 1-375 
Cu c Al, 1-49, 1-50 
e As, 1-1064 
c AsBrj, 1-1120 
c AsCla, 1-1151 
c HjAs 04, I-165S 
c SbaSa, 1-985 
CuCN c Sbla, 1-911 
Cu(CNS )2 c NaiAsOa, 1-1872 
CuCOa c AsaOs, 1-1402 
CuCl c AsjSa, 1-1448, 1-1449 
c SbaSj, 1-986 

CuCb c AI, 1-51, 1-52, 1-53 
c AlaOa, 1-392 
c HjAsOj, 1-1616 
-|- CaHjOaNa c AsaOa, 1-1290 
-h CuCIaNaF c AsaOj, 1-1293 
CuaCIa c Al, 1-54 

CuCNOala-OHaO c Al2(S04)3- ISH^O, I-.54I 
CuO c A14C3, 1-206, 1-207 
c AlaOa, 1-393 
c AsaOa, 1-1291, 1-1292 
c CuCIaNaF c AsaOa, 1-1293 
CuaOCIa c AsjOa, 1-1294 
Cu(OH}2 c AsaOa, 1-1295 
CuS04 c Ai, 1-55 
c AlO, 1-355 
0 AsHa, 1-1208, 1-1209 
c Cu3(AsS 4)2, 1-1587 
e H 3 A 3 O 3 , 1-1617 
c HSbCIe, 1-706 

c ((NHOaOs-AlaOj-OWOa, 1-629 
c NaAsOa, 1-1816 
c NaiAsaOi, 1-1961 
c Na3AsS4, 1-1946, 1-1945 
-I- HC 2 H 3 O 2 c NasAsOi, 1-1873 
+ H 2 O c KH(As 02 ) 2 , 1-1766 
CuSSCu c NaaAsOs, 1-1874 

F 

Fe c Al, 1-56 
c AI2O3, 1-394 
c As, 1-1065, 1-1066 
c KAIO 2 , 1-597 


FeCOj + HaFa c Al(OH) 3 , 1-444 
FeCla c AsH,, 1-1210, 1-1597 
+ NaCl c Al, 1-57 
FeCIa c AI, 1-58, 1-59 
c AII 3 , 1-317 
C AsaSa, 1-1450 
C HaAsOs, 1-1618 
c K 3 ASO 4 , 1-1741, 1-1742 
cKH(As02)2, 1-1767 
c KHjAsOi, 1-1782 
c (NH 4 ) 2 HAs 04 , 1-1806 
c Na3HAs04, 1-1994 
FeL c H 3 ASO 3 , 1-1619 
FeNH 4 (S 04 ) 2 l 2 H 20 c NaaHAsO4-7Ha0, 
1-2002 

FeaOs c Al, 1-60 
c AUCz, 1-208 
Fe 304 “b S c Al, T61 
Fe(OH )3 c AsaOe, 1-1403 
c HjAsOa, 1-1620 
c H 3 ASO 4 , 1-1659 
+ Ba(OH )2 c H 3 ASO 4 , 1-1660 
-f KOH c H 3 ASO 4 , 1-1660 
-|- NaOH c H 3 ASO 4 , 1-1660 
FeCOH)2-H2F2 c Al(OH)3, 1-445 
FeS c AlaOs, 1-395 
FeSO* c Al 2 (S 04 ) 3 , 1-497 
-f- II 2 SO 4 c MneAsioOao, 1-1795 
-|- 0 c NaAsOa, 1-1817 
Fe2(S04)5 c AI, 1-62, 1-63, 1-64 
c A1(0H)3, 1-446 
c NaaHAs04, M995, I-I996 

G 

GeOa c Al, 1-65 

H 

H c AsaSs, 1-1451 
c H 3 ASO 4 , 1-1661 
c SbaSa, 1-987 
H 2 c Al2(S04)3, 1-498 
c As, 1-1067, I-106S 
c AsaOa, 1-1296 
c Co3CAs 03)2, 1-1580 
c Co3(As 04)2. 1-1581 
Co3(As04)2-8HaO, 1-1582 
c (Na 2 S),-As 2 S 3 -(H 20 ), 3 , 1-2009 

c Sb, 1-768 
H 3 ASO 3 c Asia, 1-318 
4- KI c KaAsOs, 1-1731 
IIjBOj c H3 As04, 1-1662 
-I- H 2 O 2 c NaAlOo, 1-643 
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HBr c AgtAs04, 1-1039 
c AIN, 1-329 
c ((C6H6)2 As)iO, 1-1538 
c SbBr«, 1-802 
c SbsOs, 1-938 
HBrOs c AsaOj, 1-1297 
e AsHa. 1-1214, 1-1211 
c Rb2S04‘Al2(SO4)j-24H20, 1-659 
HCsHsOi -h Ivl c KjAsOs, 1-1732 
HCN c CCaH 6)2 AsCl, 1-1534 
c (C6H6)2 As'OC 2H5, 1-1560 
HCNS c AUOs, 1-396 
0 Al(OH)a, 1-447 
HaCOj c Alj ( 804 ) 3 , 1-505 
c KAlSijOs, 1-606 
c NasAsOi- I 2 H 2 O, 1-1925 
HCOOCHa c AlCIi, 1-232 
HCOONa c As, 1-1069 
c AS 2 O 3 , 1-1298 
c AS 2 S 3 , 1-1452 
c NasAsOs, I-1S75 
HCl c Al, 1-66 
c AUC», 1-209 
c AIN, 1-330, 1-331 
c Al2Na804S4, 1-354 
c AI 2 O 3 , 1-397 
c A 1 ( 0 H) 3 , I-44S, 1-449 
c AIS, 1-478 
c Al2(S04)3, 1-499 
a AIsTes, 1-557 
6 AsCIj, 1-1172 
a AS 2 O,, 1-1299, 1-1300 
a AsaOs, 1-1404, 1-1405 
a CHjAsO, 1-1524 
a CjHs AsO, 1-1529 
a (CH9)sSb(OH)2, 1-686 
a Cd3Asa08-2H20, 1-1578 
c CoaCAsOOz-SHaO, 1-1583 
a HiAsOSa, 1-1715 
a KSbOa, 1-725 

a NaHflSbaOa, 1-729 
a 2K(Sb0)C4H408 H20, 1-741 

a LijSbSa-SHaO, 1-746 
c MgaAszOy, 1-1792 
a NaAlOa, 1-644 
a NajAsOjS, 1-1935 
a Na3AsS4, 1-1947, 1-1948 
a NasAsSe^, 1-1955 
c Na 4 As 207 , 1-1962 
a Na8Asi8S2407, 1-196/ 
a NasHAsOaS, 1-2007 
a Na8SbS4, 1-756 


c Na 4 Sb 207 , 1-758 
c NiaAsiO#, 1-2012 
c Ni8(As04)2*8H20, 1-2017 
c Pb3(A604)2, 1-2037 
a SbOz, 1-926 
a SbzO,, 1-939, 1-940 
a SbzS,. 1-988 
a Sn8As409, 1-2045 
a ZnjAsz, 1-2049 
a Zn(As02)2, 1-2050 
a Zna(SbS4)2, 1-1030 
+ Cl a Sb 203 , 1-941 
+ CI 2 a Sb-Oa, 1-942 

(Nal) a (NasAsOi), 1-1912 
+ NatSjOa c SbCU, 1-819 
-f-* NazSzOs a SbzOs, 1-943 
HCIOa a AsHa, 1-1212 
UC 104 a AICI 3 , 1-233 
a AlCIa-eHaO, 1-288 
a AI 2 O,, 1-398 
a SbzOa, 1-944 
ll.CrO* a AI 2 O 3 , 1-399 
a AsaOa, 1-1301, 1-1302 
IIF a Al(OH)a, 1-450 
a NaaHzSbzO?, 1-759 
a SbzOa, 1-945 
4- NH 4 F a SbaOs, 1-973 
+ RbF a SbjOa, 1-973 
H 2 F 2 a AIFa, 1-304 
a AIN, 1-332 
a AI 2 O 3 , 1-400 
a KAlSiaOs, 1-607 
a KaAsO«, 1-1743, 1-1744 
a K3Sb04, 1-726 
c Na 4 A 820 7, 1-1963 
a SbzOa, 1-946, 1-947 
a SbOFa-NaF HoO, 1-981 
-f KaCOa a SbzOa, 1-948 
III a Al 1-67, 1-68 
a AszOa, 1-1406 
a ((C6H5)2 As) 20, 1-1539 
a IlaAsjO?, 1-1964 
c HaSbO*, 1-712 
a SbCU, 1-858, I-85U 
a SbOz, 1-927 
c SbzOa, 1-949 

HIO + KOH a IIaAs(S204)3, I-1V17 
IllOaC AsIIa, 1-1213, M2I4 
a AszOa, M303 
IIIO 4 a Asn3,lM215 
HMnOa a ASaOa.il-iaOl 
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H 2 M 0 O 4 c H 3 ASO 4 , 1-1663 
c NajAsOa, 1-1876 
+ NH 3 c H3 As04, 1-1664 
-h (NH4CI) c H 3 As 04 , 1-1665 
"1- NasAlFs c Al, 1-69 

HN3 c Al, 1-70 
c NasAsOs, 1-1876 

HNO3 c Ag 6 As 409 , 1-1043 
c Al, 1-71, 1-72 
c AI2O3, I-40I 
c Al2(Si03)3*K2Si03, 1-553 
c AS2O3, 1-1305, 1-1306, 1-1307, 1-1308, 
1-1309 

c Ba3{As04)2, 1-1510 
c (C6H3(CH3)2)3Sb, 1-697 
c (CHCI:CH)3 As, 1-1543 
c CHCliCH AsCIa, 1-1553 
c (CHC1:CH)2 AsC 1, 1-1557 
c CoSb, 1-703 
c K 3 Sb 04 , 1-727 
c KSbOC^H^Oe, 1-730 
c Ni3As409, 1-2013 
c PAs, 1-2018 
c PbHAs04, 1-2026 
c Pb3(As04)3. 1-2038 
e Si> 1-769 

H 2 O c Al, 1-73, 1-74, 1-75 
c AlBr3-Br4CS2. 1-203 
c Al2(C03)3, 1-296 
c A1(C2H5)3, 1-215 
c AICI 3 , 1-234, 1-235, 1-236, 1-237 
e AIF 3 , 1-303 
c AIX, 1-335, 1-336, 1-337 
c AIO, 1-356 
<■ Al.Oa-CaO, 1-432 
c AlP, 1-476 

c AijSa, 1-479, 1-480, 1-481 
c Al2(S04)3, 1-500, 1-501 
e Al2(S04)3-Xa2S04-24H20, 1-545 
c AloSes, 1-547, 1-548 
0 Al2Te3, I-55S, 1-559 
c As, 1-1068 
c As(CXS) 3, I-112S 
AsCia, 1-1152 
c Aslj, 1-1246 
c As'iL, 1-1258 
c As(XH 2 ) 3 , 1-1259 
<■ AS2O3, M310, 1-1311, 1-1268 
e AS 2 S 3 , 1-1453 
c (CHalaAsCl, 1525 
f- (C2H3)3 As04, M530 


C (C2H6)2NH2A803, 1-1562 

c CflHfiCOCl AlCla, 1-565 
c CUShCh, 1-674 
c (CHalaSbCNBr, 1-679 
c (CHalaSbOBr, 1-683 
c (CH3)2SbOCl, 1-685 
c Ca(A102)2, 1-571 
c (Ca0)3(Al203)6, 1-581 
c (Ca0)5(Al203)3, 1-582 
c (Ca0)4-Al203-Fe20a, 1-585 
c Ca3(As04)2, 1-1573, I-I574 
c ClAsNH, 1-1579 
c H6Mn(As04)3, 1-1721 
c H3Sb02S2, 1-722 

c KAlSiaOa, 1-608 
c KaAs, 1-1725 
c K3 As(S 203)3, M754, 1-1755 
c Li3SbS4, 1-749 
c NaAIOa, 1-645, 1-646 
c NaaSb, 1-751 
c PbHAs 04 , 1-2027 
c (SbBrDLi, 1-803 

c SbCls, 1-820, 1-821, 1-822, 1-823, 1-824, 
1-825, 1-826, 1-827 
c SbCU, 1-860, 1-861 
cSbL, 1-912 
c SbLia, 1-923 
c SbOCl, 1-978 
c Sb:{S04)3, 1-1020, 1-1021 
c Sb2(S04)3-K2S04, 1-1026 

c 862 ( 804 ) 3 - (XH4)2S04, 1-1027 
c Sb2(S04)3-Xa2S04, 1-1028 
-t- O c {CH,) 2 AsCI, I-I525 
II ;02 c KAIO2, 1-598 
c NasAlOa, 1-651 
-I- KIO3 c AS2O3, 1-1312 
HOCI c AsjOa, I-13I3 
HPO3 C AI(X03)3, 1-348 
e Al2(S04)3, 1-502, I-50:i 
HjPOa c AS2O3, 1-1314 
IlaPOa c SbiOs, 1-950 
H3PO4 c AlCla, 1-238 
c AI 2 O 3 , 1-402 
c A1(0H)3, 1-451 
c AS2O3, 1-1315 
a XaAlOs, 1-647, 1-648 
a XaaAlOs, 1-652 
IlsPtCI* 6 AICI 3 , 1-239 
FBPtClc c AIN, 1-334 
a (CHCliCHlaAs, 1-1544 
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H,S c AUOi, 1-403, 1-404 
c AsCls, 1-1153, 1-1154, 1-1155, I-1I56 
c AsCU, 1-1179 
c Asia, 1-1251 

c AsaOs, 1-1309, 1-1316, 1-1317, 1-1318 
c AsaOs, 1-1407, 1-1408, 1-1400 
c CHjAsCla A-1523 
c CaHsAsCU, 1-1527 
c CflHsAsCli, 1-1536 
c CaHaCIAsCU, 1-1547 
c (CHCl:CH) AsCl 2 , 1-1554 
c (CHCliCHlaAsBra, T-1558 
c CHsSbCU, 1-675 
c (CHalsSbOBr, 1-684 
c HaAsOs, 1-1621 

c H,As04, 1-1666, 1-1667, 1-1668. 1-1669 
1-1670 

c(H3Sb04), 1-713 
c K 2 HASO 4 , 1-1789 
c Na4As2Ss02, 1-1966 
c NaaHAsOa, 1-1981 
c SbCla, 1-828 
c SbCIs, 1-862, 1-863 
-b HCI c AsoOa, 1-1410 
-h HCI c H 3 ASO 4 , 1-1671 
H 2 SO 3 *& HBr c H 3 ASO 4 . I-I672 
llSzOi c AszOa, 1-1323 
c As(OH)6, 1-1429 
H 2 SO 4 c Ag 2 As 04 , 1-1042 
c Al, 1-76 
c AICI 3 , 1-240 
c AIN, 1-338, 1-339 
c AUOi ZlhO, 1-429 
c A1(0H)3, 1-452, 1-453, 1-454, 1-455 
c Al 2 (S 04 ) 3 , 1-504 
c AUTi, 1-560 
c As, 1-1070 
c AsCIj, 1-1146 
c AsaOj, 1-1319 
c Ba(Sb 0 C4040e)L'. 1-660 
c H 3 ASO 4 , 1-1673 
c NajAeOaS, 1-1936 
c Na3AsS4, 1-1949 
c in)a(As04)2, 1-2039 
c PtAsOH, 1-2041 
c SbjOs, 1-951 
+ BaS 04 c SbaOa, 1-952 

-b CaSO* c SboOa, 1-952 
+ K2SO4 c AS2O3, I-I 320 
K2S04 c SbjOa, 1-953 
+ (NH4)2S04 c Sb-aOa. 1-953 


+ Na 2 S 04 c SbaOj, 1-953 
+ SrS04 c 86203 , 1-952 
H3S04-S03 c AsoOj, I-132I, 1-1322 
c SbaOa, 1-954 
HzSe c AsCIj, 1-1157 
c AsCU, 1-1180 
c SbjCIa, 1-829 
HsSeOj c AlCla, 1-241 

e (Al2(Se03)3)3 (Al(0H),)2 (H20)33, 1-550 
c SbsOa, 1-955 
c Sb20-(Sc03)2 H20. I-9S3 
1128004 -1- RbOH c H 3 ASO 4 , 1-1674 
HjSiF# c Al, 1-77 
H 3 VO 4 c H 3 As 04 , 1-1675 
Hg c H3As 04, 1-1676, 1-1677 
c H3Sb04, 1-714 
Hg(C 3 Hs )2 c CaHjAsCU, 1-1537 
HgCaHsCl c Al, 1-78 
HgCN c Al, 1-79 
Hg(CN)2 c Al, 1-80, 1-81, I-S2 
c AlCIa-OHjO, 1-289 
V AsHa, 1-1216 
c Sbla. 1-913, 1-914, 1-915 
Hg(CXO)2 c AS 2 O 3 , 1-1324 
HgCl c Al, 1-83 
HgCl c As. 1-1071 
c HjAsOa, 1-1622 
c Sb, 1-770 
IlgClj c Al, 1-84 
e As, 1-1071 

c'AsHa. 1-1217. M218, I-I219, 1-1220 
1-1221, 1-1222 
c (CelUaSb, 1-691 
0 (CaHs(Cri3)2)38b, 1-698 
c KIKAsOi)-, 1-1768 
c NuaAsO,, 1-1913 
0. Na3AsS4, 1-1950 
c NaAsOz, 1-1818 
c NasIIAsOi, M997 
d Sb, 1-770 
e SbHa, 1-901 
IIgCI04 c 86203, 1-944 
Ilglo c Al, 1-85 
c AII3, 1-310 

c CUUUC\Uhi'2U,\si, 1-1563 
HgNOa d HaAs, I-I594 
d H3ASO4. 1-1678, 1-1679 
d KII(As() 2)2. 1-1769 
d (XaaAsO,), I-19I4 
-H AgN(U -f- ().> KjAsOa. 1-1733 
IIgN()3-2H20 d HaAsO,, I-10S3 
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Hg(N03)2 C Al, 1-86 
c AsCU, 1-1158 

c HaAsO^, 1-1680, 1-1681, 1-1682 
c (Na3As04), 1-1915 
c NaH2As04, 1-1977 
c NaHAsOi, 1-1998 
HgO c AsaOa, 1-1325, 1-1326, 1-1327 
+ Ba(OH)o c AsaOs, 1-1411 
“1- Sr(OH)2 c AssOs, 1-1411 
HgsO c AsaOa, 1-1328, 1-1329 

I 

I c As, 1-1072, 1-1073 
c AsHs, 1-1223, 1-1224 
c HaSbOa, 1-715 
c SbFe, 1-888, 1-889 
4- HsO c AS 2 O 3 , 1-1330, 1-1331 
-b H 2 O c NaaAsOa, 1-1877 
U e Al, 1-87, 1-88, 1-89, 1-90, 1-91 
c As, 1-1074, 1-1075, 1-1076 
c AsHa, 1-1225, 1-1226 
c AS 2 O 3 , 1-1332, 1-1333 
c As(OH) 3 , 1-1428 
c AsaSa, 1-1434 
c (CHalaSb, 1-663 
c HSbOj, 1-710 
c NaaAsOaS, 1-1937 
c NaHaAsOa, 1-1975 
c Sb, 1-771, 1-772, 1-773 
c Sbla, 1-916 
c SbaSa, 1-989 
c SbaSs, 1-1013 
-b HjO c AsHa, 1-1227 
-b H 2 O c AszOa, 1-1334, 1-1335 
-b H 2 O c AS 2 S 3 , 1-1455 
“b HaO c NasAsOa, 1-1877 
-b HaO c SbaOa, 1-956 
-b NaHCOa c K(SbO)CAL06, I-73I 
-b XaaCOs c NaAsOj, 1-1810 
“b N a^O c .\s 3 O 3 , 1-1336 
-b NaaS C NaaAsOa, 1-1878 
ICN c As, 1-1077 
ICl c HaAsOa, 1-1623 
IrCIa c As, 1-1078 

K 

K c AICI 3 , 1-242 
K 2 AI 2 O 4 c AlCIa, 1-243 
KaAsOa c AgaAsOa, 1-1036 
-b K1 c H 3 ASO 3 , 1-1624 
K,As04 c A 62 S 0 . 1-1477 


KAu(CN)2 c Al, 1-92 

KAuCl4 c (CHCI:CH) 3 As, 1-1545 

KBr c KAKSOOa, 1-604 

c SbBra, 1-794 
KBrOa c AsHa, 1-1214 
c HaSbOa, 1-716 
c SbaOa, 1-957 
-f HCl c AS 2 O 3 , 1-1337 
-b HCl c SbCla, 1-830 
KCN c Ni 3 (As 04 ) 2 , 1-2011 
KCNS c Al, 1-93, 1-94 
c SbBra, 1-800 
K 2 CO 3 c AlCla, 1-244 
a AszOa, 1-1338 
c AsaSa, 1-1456, 1-1457 
a HaAlaSiaOs, 1-588 
6 KaAlOa, 1-603 
a KAlSisOa, 1-609 
-b H 2 F 2 c Al 2 (S 04 )a, 1-505 
K2C204 a Al, 1-95 
a AlCIa, 1-245 
a A1(0H)3, 1-456 
a Al( 0 H)(C 2 Ha 02 ) 2 , 1-471 
“b Na2C20t a A!2(C204)3, 1-299 
KCl a AlBra, 1-198 
a AICI 3 . 1-246, 1-247 
a A1(N03)3, 1-349 
a AsCIa, M159 

c Ba 3 (AsS 4 ) 2 - 6 H 20 , 1-1511 

a Ba3Sb2S8 - 61120 , I -,661 

c H2Al2Si208, 1-589 
c HaAsWsOss ieHoO, 1-1720 
+ HCl a AsaOs, 1-1339 
-b Na 2 S 203 a AsCIa, 1-1159 
KClOa c Al, 1-96 
a AsClz, 1-1159 
a AS 2 O 3 , 1-1339 
-b KOH c As, M079 
K.CroO c As, M080 
K 2 Cr 04 a Al 2 (C 204 ) 3 , 1-298, 1-299 
c AlCIa, 1-248, 1-249 

a K2Al2(S04)4, 1-612 

KsCrjO? a Al, 1-97 
c HaSbOa, 1-717 
-b HCl a AS 2 O 3 , 1-1340 
KCuCIa a H 3 A 3 , 1-1598 
KF a AsFs'KF, 1-1190 
c SbBra, 1-795 
a SbFs KF, 1-895 
K 2 F 2 a AIF 3 , 1-304 
c AI 2 O ( 804 ) 2 , 1-475 
c Caa(As 04 ) 3 , 1-1575 
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3KF‘ZrF4 6 Al, 1-98 
K,Fe(CN )4 5 Al, 1-99 
+ KOH c AssO,, 1-1341 
+ KOH c NajAsOi, 1-1879 
KiFeCCNla c KsAl 2 (S 04 ) 4 - 22 H, 0 , 1-614 
KH(AsOi), e A 1 ,(S 04 )s, 1-506 
KHCsO* c Al(OH),, 1-457 
KHF, c A1(0H)8, 1-458 
KHS c SbClj, 1-831 
KI c H3Sb04, 1-719 
c Pbi(As04)2, 1-2040 
c SbBrs, 1-795 
6 SbCU, 1-864 
-h HCl c H 3 ASO 4 , I-16S4 
4- HtS 04 c H 3 ASO 4 , 1-1685 
-t- KIOs c Al 2 (S 04 ) 3 , 1-507 
-h KlOa c HaAsOa, 1-1625 
KIO c AsCU, 1-1160 
c HjAsOa. 1-1626 
KIO 3 c AsH,, 1-1214, I-122S 
c AssOs, 1-1342 
-1- HCl c AsaOj, 1-1312 
+ KI c H 3 ASO 4 , 1-1686 
KIO 4 c AsHa, 1-1229 
KMn 04 c AsCU. 1-1161 
a AsHs, 1-1230 
a AsaOi, 1-1343 
a HjAsOa, 1-1627, 1-1628 
a HoSbOs, 1-718 
a SbHj, 1-902 
a SbaOa, 1-958 
+ HCl c SbaOj, 1-959 
-b H 2 O c Sb2(S04)3, 1-1022 
+ H2SO4 a AsjOj, 1-1344 
+ HaS04 a Sb2(SOi)3, 1-1023 
-h KOH a NasAsOj, 1-1880 
4- Mn(H2As04)» a HjAsO*, 1-1687 
+ (KI) c HaAsOj, 1-1629 
+ (OSO 4 ) c H 3 A 8 O 3 , 1-1630 

KNH 2 a Al, i-ioo 

a AH,. 1-320 
KNO3 c Sb, 1-774 
a SbBr,, 1-800 
+ KHSO4 a Sb, 1-775 
4- O 2 a Sb, 1-776 
KOH a AgaAsOa, 1-1034, 1-1035 
a Al, 1-137, 1-138, 1-139 
a AIN, 1-340 
a AI2O,, 1-405, 1-406 
a AKOH),, 1-459 
a A 1 (OH),-C 406 Hs, 1-472 
a AIjTi, 1-561 


a As(C.H7)4l-A8li, 1-1127 
c AsH,, 1-1231, 1-1232 
c AsiS,, 1-1468 
a AsiSs, 1-1478, 1-485 
a As 2 Se 6 , 1-1498 
a (C,H5 ),AsC1, 1-1533 
c CCHC1:CH)2AsO-OH, 1-1568 
c CU 2 AS 2 O 11 , 1-1584 
a Cu,(A 80,)2, 1-1585 
a CU 4 AS 2 O 7 , 1-1589 
a H2Al2Si20,* H 2 O, 1-590 
a H,As, 1-1599 
a H,As 04 , 1-1689, 1-1688 
a HgjAssOfi, 1-1723 
a Hg,(A 80 ,),, 1-1724 
c K2AU(S04)4, 1-613 
a KAISijOs, 1-610 
a KH2 AsOjS, 1-1787 
a K2S04-AU(S04),-24H20, 1-619 
a Ni|A8409, 1-2014 
a PAs, 1-2019 
a SbjSj, 1-990 
c SdsAsiOb, 1-2046 
4“ CflOsHio a 86203 , 1-960 
4- CuO a SbjSs, 1-991 
4- GeOc a Al, 1-140 
4- H2Se04 a H3 As04. 1-1690, I-169I 
lUSiFc a AI2O3, 1-40/ 

4- KsFeCNe a Al, 1-141 
4- SiF4 a Al2(S04)3, I-50S 
4- 1102 ( 0211302)2 a H 3 ASO 4 , 1-1692 
KjCrsO; a As, MOSO 
KoS a AS 2 S 3 , M459 
a As2Se5, 1-1494 
a NaaAiFfl, 1-640 
a Sb.S3, 1-992, 1-993, 1-994 
K 2 S 3 a AslU, 1-1233 
K 2 SO 4 a Al 2 (S 04 ) 3 , 1-509. 1-510 
a AS 2 O 3 , 1-1345 
a K 3 ASO 3 , 1-1734 
K 2 S 2 O 3 a KjAsOs, 1-1/35 
c K 3 HASO 3 , 1-1788 
a SbCU, 1-832 
KaS.Os a AS 2 S 3 , 1-1460 
KjSOs-NO a NajAsOs, I-1S81 
K2SiF6 a Al, 1-142 
KTiFa a Al, 1-143 
K.TiFb c AI. I-lOl 
K 2 U 2 O 7 a H 3 ASO 4 , 1-1693 
K.oWijO,. a KH 2 ASO 4 , 1-1783 



752 


ENCYCLOPEDIA OF CHEMICAL REACTIONS 


L 

La(OH )3 c HsAsOj, 1-1631 
Li c Sb, 1-777, L778 
LiBr c HjAlaSijOs, 1-591 
c SbBrs, 1-796, 1-794 
c Sbla, 1-917 
& HjO c AS 2 O 3 , 1-1346 
U 2 C 2 c As, 1-1081 
LiaCOj e Al, 1-102 
c AI 2 O 3 , 1-408 
c A1(0H)3, 1-460 
c HjAliSizOg, 1-592 
+ SiOj c AI 2 O 3 , 1^09, 1-410 
LiCl c HaAbSisOa, 1-593 
c KAlOa, 1-599 
-b CI 2 c SbCb, 1-833 
Li 2 C^O^ c HzALSisOs, 1-587, 1-588 
LiF c AIF 3 , 1-305 
Lil c HjAsOa, 1-1632 
U 2 O -t- H 2 O c AS 2 O 3 , 1-1347 
LiOH c Al, 1-103, 1-104 
c AlCU, 1-250 
LiaS c AsCIs, 1-1181 
c Sb-.S.i, 1-995 
LiaSO^ c HaAlaSijOs. 1-594 
0 LiAISiO^, 1-623 

M 

Mir c AICI 3 , 1-251 
c AI 2 O 3 , 1-411, 1-412 
(■ AsC'b, I-I162 
0 SbaSs. M014 
+ (bllTBr c AsC'b, I-1I62 
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SO, c AS 2 O 3 , 1-1321, 1-1384 
c SbCU, 1-872 
SOCI 2 c As, I-llOO 
c AsjO,, 1-1385 
c AS 2 S,, 1-1473 
c Sb, 1-786 
c SbaOs, 1-968, 1-969 
c SbjS,, 1-1009, MOlO, I-lOU 
SO 2 CI 2 c AICI 3 , 1-282 
c As, I-llOl 
6 Sb, 1-787 

SO 2 OHCI c As, 1-1102 
Sb c AsCU, 1-1173 
c AS 2 O 3 , 1-1386 
c AsaSs, 1-1474 
c SbCU, 1-873 
SbBr, c AlBra, 1-199 
SbCU c AlCU, 1-283 
c SbCU-CaHj, 1-878 
SbCU CalU c SbCU, 1-874 
SbFs c AsFs-NOF, 1-1191 
Sbl3 c CeHsCCIDsAs, 1-1551 
SbjOa c AS 2 O 3 , 1-1298 
c Na3AsS4, 1-1952 
SbjS, c LijSbSs-SHsO, 1-747 
Se c Al, 1-165, 1-166 
c As, 1-1103 
c (CH,)3 As, 1-1104 
c Sb, 1-788 
c Sba, 1-1029 
c SbHa, I-90G 
4- KOH V AsaScs, 1-1498 
4- NallS c AsaSea, 1-1491 
SeaCU c Al, M67, I-1G8 
e AUSea, 1-549 
c As, I-1I05 
V AS 2 O 3 , 1-1387 
r AS 2 SC 3 . 1-1492 
e Sb, 1-789 
c SbCU, 1-845 

ScOa c (Al 2 (Sc 03 ),) 3 -(AI( 0 II) 3 ) 2 (Ha 0)33 

1-551 

Si 4- Cu c Al, 1-169 
SiCl, C Al, 1-170 
e AsaO,, 1-1388 
c SbFa, 1-886 
SillCU c AsFa, M186 
SiOa -f* KCl c AlalU, I-42.i 
c AsFs, 1-1187 

SiOa-SCaO ('• CaaAlaOc, 1-577 
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Sn c Al, 1-171 
c As, 1-1106, 1-1107 
c AS 2 O 3 , 1-1389 
c Sb, 1-790 
c SbCb, 1-846 

SnCla c AsCIa, 1-1174, 1-1175 
c AssOs, 1-1390 
c HsAsOa, 1-1709 
c KH(As02)2, 1-1776 
c (NH4)3As04-12Mo 03, 1-1802 
c NaAsOz, 1-1826 
SnCls -f HCI a AS 2 S 3 . 1-1475 
-f- HCI c AsaSs, M486 
SnCb c KH(As 02)2, 1-1777 
c NaAs02, 1-1827 
c Sb, 1-791 
-b Al c SbCIj, 1-875 
SnCb-SHaO -f NaOH c AsaOs, 1-1425 
SnL c C6H5(CH3)2 As, 1-1552 
Sn(OH )2 + KOH c AS 2 O 3 , 1-1391 
SrCl 2 a A 1 (C 204 -NH 4 ) 2 , 1-300 
SrCla a AS 2 S 5 , 1-1483 
SrCU-eHaO a SbBrs, 1-800 
Srl 2 c HsAsOa, 1-1642 
Sr(N03)2 c KH{As 02)2, M778 
SrO a Al, 1-172 

Sr(OH )2 a Al, 1-173 
a AS 2 O 5 , 1-1402, 1-1426, 1-1427 
SrS04 a Sb2(S04)3, 1-1024 

T 

TaaOfi a AICI 3 , l-2i^ 

To a Al, 1-174, M75, 1-176 
a As, 1-1108, 1-1109, i-ino 
Te 02 a AsCU, 1-1176 
TiCU a H3Sb04, 1-720 
a NajAsOs. 1-1906 
TiOs a AI 2 O 3 , 1-424 
a SbCb, 1-847 
a SbCU, 1-876 
TiOz a AsCb, I-U77 
TiO(OH) a Al, 1-178 
TiOSOi c KH(As 02 ) 2 , 1-1779 
TlCl a Al, 1-177 

TICI 3 a (CfiHslaAs, 1-1521, 1-1522 
a (C 8 H 5 ) 3 Sb, 1-693 
a (CeHslaSbCb, 1-694 
a NasAsOa, 1-1906 
TloS a AS 2 S 6 , 1-1487 


U 

UO 3 a Al, 1-179 
UaOs c Al, 1-180, 1-181 
U02(C2H302)2 c H3As04, 1-1710 
U 02 (N 03)2 a KH(As02)2, M780 ' 

V 

VCI 4 a Al, 1-182 

V 204 -f I 2 a AS 2 O 3 , 1-1392 
V 2 O 6 a Al, M83 
a (NH 4 )H 2 As 04 , 1-1808 


W a As, 1-1084 
WO 3 a Al, 1-184 
a AsHs, I-I244 

Z 

Zn a Al 2 (S 04 ) 3 , 1-538 
a As, 1-1070, I-Hll 
a AS 2 O 3 , 1-1393 
a (CH 3 ) 2 SbBr, 1-669 
a H 3 ASO 3 , 1-1643 
a HaAsOi, 1-1711 
a Sb, 1-792 

+ H 2 SO 4 a Ag 3 As 04 , 1-1042 
Zn(C 3 Hj )2 a AsCU, 1-1178 
ZnCOa + H 2 F 2 a AI( 0 H) 3 , 1-468 
ZnCl 2 a Al, I-I85 
a Aids, 1-285 
c AS 2 O 3 , M394, 1-1395 
a Na3SbS4, 1-757 
Zn(N03)2 a (NH4)3 As 04, I-180I 
Znl 2 a H 3 A 3 O 3 , I-I643 
ZnO a M 2 O 3 , 1-425 
a AS 2 O 3 , 1-1396, 1-1397 
a K 3 ASO 4 , I-174S 
Zn(OH )2 a Ai{OH)3, 1-469 
ZnS a A] 2 {S 04 ) 3 . 1-539 
ZnS 04 a AsaOa, I-139S 
a KH(As 02)2, 1-1781 
a NaAsOfl, 1-1828 
c NajAsS,, 1-1953, 1-1954 
ZrBr4 a Al, 1-186 
ZrOCU a NasAsOi, 1-1920 
Zr(NO,)4 c {CTI3)2N CgH4N'2 C>H4AsO,U2, 
M571 
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Heat (A) 

A c AgAsS2, 1-1045 
5 Ag4AsiS5, 1-1046 
c AlAsjCls, 1-187, 1-1047 
c AUBra, 1-202 
c AltMgsCSiO*),, 1-323 
c AlaCa, 1-214 

5 AliOa, 1-427 

e Al(OH),, 1-470 
c AUOa-SiOs, 1-473 
c AljSa, 1-483 
c AlaCSOa)^, 1-540 
c As, 1-1112, 1-1113 
c A3(CNS)a. 1-1129 
c As(NH 2 )s, 1-1260. 1-1261 
c AssSi, 1-1434 
c AsiSsCla, 1-1507 
a (CHC1:CH)-AsO(OH)2, 1-1567 
c (CHC1 :CH)j-A80-OH*HN03, 1-1570 
a (CHa)3SbBr2, 1-665 

6 (CH3)2SbBr3, 1-670 
a (CHs)2SbCl3, 1-676 
c (CH3)jSbCl2, 1-677 

a (CH 3 ) 3 SbCNBr, 1-680 
a (CH3)2Sbl3, 1-682 
a Ca3(A103)3. 1-578 
a (Ca0)3 Al203 Gll20, 1-579 
a Cuj(As 04 ) 2 (NH 3 ) 3 - 4 ll 20 , M590 
a Cu,(AsS4)2, 1-1588 
a H(Mn(As04)3-3H20, 1-1722 
a H3Sb04, 1-721 
cK3As(S 203)3, I-1V56 
a K,Sb ( 8203 ) 3 . 1-745 
a LiH(A102)2-5H20, 1-624 
a Li3SbS3-31l20, 1-748 
a Na3As04 l2H20, 1-1926 
a NasAsOsS, 1-1938 
a Na2CH3As03, 1-1972 
a NaSbS 2 . 1-752 
a Ni3As409. 1-2015 
a PbAs2S4, 1-2021 

a PbaAsjSc, 1-2036 

Reactions under the E 
A 

Ag a CHoBr-COOII, 1-2992 

AgCiHjOz a BiUXOa)^, 1-2288 

AgNCO c BCI 3 . T-2751 


a PbHA804, 1-2034 
a PtAsOH, 1-2042, 1-2043 
a SbBr3.(CjH6)20, 1-805 
a (SbBrl 3 )Li, 1-804 
a SbCU, 1-877 
a SbCU'C 2 H 2 , 1-879 
a SbjOs, 1-976, 1-977 
a SbOCl, 1-979 
a ShziSOih, 1-1025 
a SnsAsiOa, 1-2047 
+ P a Al2Mg,(Si04)». 1-323 

Electricity (e) 

€ a AlBr,, 1-200, 1-201 
a AICI3, 1-286, 1-287 
a A 82 O 3 , 1-1301 
a HjAs, 1-1601 
a KiAsOa, 1-1726 

a 2K(Sb0) C4H406 H30, 1-743, 1-744 
a SbBra, 1-801 
a SbCls, 1-848, 1-849, 1-850 
a SbF,, 1-887 
a SbHj, 1-907 
a sblj, 1-921 
a Sb-iOs, 1-970, 1-971 

a SbjSj, 1-1012 
-I- C a AI 2 O 3 , 1-426 
Air a AS 2 S 2 , 1-1438 
a KMnAsSj, 1-1790 

Acjua regia a (NH 4 ) 3 AIo 04 ' 5 Mo 03 * AsaOs* 
4 H 2 O, 1-1811 

Beta and Gamma Hays e HsAs, 1-1602 
Decomposition c lEAsOjS.., 1-1714 
a HjAsOjS, 1-1716 
a NasAsOSa, 1-1930 
a NaH^AsOjS, 1-1979 
a Na2HA804 l2H20, 1-2004 
Dehydration c 2ll3As04'H20, 1-1718 
a (NlRlaAlOj, 1-625 
Light a As, 1-1114 
P a As, 1-1058 
Quinine c SbBrs, 1-802 
Vitamin A a SbCh, 1-851 

nits Bn, Be, Bi, B and Br 

AgCXS a BBrj, 1-2742 
AgX’Oa -f- HCN a BuCOa, 1-2065 
AgMn04 a BaCI:, 1-2170 
a BeCU, 1-2574 
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AgNOs c BaCl2, 1-2171 
c BaCOH) 2 , 1-2343 
c BiHj, 1-2636 
c Bra, 1-2932 
c CBraCOOH, 1-2961 
c CHBraCOOH, 1-2977 
AgaO c Bra, 1-2933 
c SiBn, 1-3069 
AgaSO^ c Bra, 1-2934 
A1 c Bra, 1-2935 
AlBra c BFa, 1-2772 
AlCls c BFj, 1-2772 
AlaOa c BaS 04 , 1-2421 
AsaOj c BaSaOa, 1-^35 
AsaOi c Be(OH) 2 , 1-2528 
AuCla c BaOa, 1-2316 
c BeCls, 1-2483 

B 

BaOa c BCU, 1-2752 
c B(OCaH 5 )s, 1-2786 
BaCa c BaCOa, 1-2066 
Ba{CaH 5 -S 04)2 c Be 2 (S 04 ) 3 , I-257S 
BaCOa c BaCa, 1-2155 
c CBraCOOH, 1-2962 
c CHBra COOH, 1-2978 
c H5 BWi 2O40, 1-2871 
BaCIa c BeSO^, 1-2558 
c Ka0 Be0-2C203, 1-2527 
+ NaaSaOj c BijOa, 1-2707 
Ba{CI 04 )a c BeS 04 , 1-2559, 1-2560 
Ba 3 Co 2 (CN)i 2 c BaCIa, 1-2169 
c Ba(OH) 2 , 1-2344 
BaL c BaOa, 1-2317 
Ba{N 03)2 c BaCOs, 1-2068. 1-2067 
c BaSaOs, 1-2444 
c BeSOi, 1-2561 
BaOa c BaL, 1-2270 
Ba(OH }2 c HaBOj, 1-2847 
e Hr,BWi204o, 1-2872 
BaS c BaS 04 , 1-2422 
BaSOa 4- la e Ba(OH )2 1-2345 
BaSaOe c BeS04, 1-2562 
Be(OH )2 c BeS 04 , 1-2563 
BeS04 4- ILO c Ba(CI04)2. 1-2240 
Bi c Bids, 1-2606 
BiBrj c Bi, 1-2584 
BiCIa c Bi, 1-2583 
Bila c Bi, 1-2584 
c BiaSa, 1-2730 
BioSa c BiaOa, 1-2708 


Br c B, 1-2733 
c Be, 1-2463 
c Bi, 1-2585 
c BiCla, 1-2603 
Bra c BaBra, 1-2059 
c Ba(OH) 2 , 1-2346 
c CHBra, 1-2985 
a CHjBr, 1-2998 
a CaHaKBrNOa, 1-3002 
-f KOH a CHBraNOa, 1-2984 
4- KOH c CHaBrNOa, 1-2994 
4- Light a CHBra, 1-2986 

C 

C a B 2 O 3 , 1-2794 
a BaOa, 1-2318 

c BaSO*, 1-2423, 1-2424, 1-2425 
a Be, 1-2464 
a BeO, 1-2512 
a CaB407, 1-2832 
a H 3 BO 3 , 1-2848 
4- CO 2 a BaS, 1-2412 
+ Ha a BCI 3 , 1-2753 
4- Na c B 2 O 3 , 1-2795 
4- Na a BaCOs, 1-2069 
4- SiOa e BaO, 1-2305 
C6Br3(OH)3 a BiCL, 1-2614 
a Bi(N03)3, 1-2655 
CCI 4 c B, 1-2734 
CH 4 a BaO, 1-2306 
(.’alia a Ba, 1-2053 
CILBrCHO 6 CH.BrCHO, 1-2991 * 
CHaBrCOOH a Ba(Ci\S) 2 , 1-2160 
CH 2 CICOCH 3 a Ba(SCN)r 2 H 20 , 1-2420 
C 4 HaBrOCOOH c BaCOj, 1-2070 
CH 3 CH 2 OH a Br, 1-2936 
CeH^CHCOIDCOOH a BaCOHla, 1-2347 
CILCN a BBrj, 1-2743 
CH 3 CXCOOH + hhO a Br, 1-2923 
C}hC(KlU){COSlU )2 a Ba(OH)a. 1-2348 
CH 2 CO CH 3 a Ba(SCN) 2 - 2 H 20 , 1-2420 
CHjCOCOOH -f KCN a BaCOlDj, 1-2349 
CclLCOCl a BaOa, 1-2322 
CHaCONHNa c (CH.). Br;, 1-3003 
CH 3 COOH a BCI 3 , 1-2754 
CaHiCOOH a BafOIDa, 1-2350 
CH 3 COOK a CHaBr CH.Br, 1-2989 
CisHjiCOOK c BaCIa. 1-2172 
C,oH 4 (COONa )4 c BaCL, I-2I73 
C,oH 6 (COONa )2 a BaCIa, 1-2174 
CH 3 COSH 4 - HaO c BI3, 1-2638, 1-2639 
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CHCla V HaSO*. 1-2420 
C.oHs Cl - (Ml C.IUO SOai c HaCO,. 
1-2071 

CioHsCl NII. SOslI V HaC’Oj, 1-2072 
CioHeC'lSOsH V llaCOa. 1-2073 
(CHj )6 re(C:N)6(US04), c IlaO, 1-2307 
C2n6H2P04 <■ Ha(OU).. 1-2351 
CsHiN <■ HHi3. 1-2745 
(CalU)sN r- Hlira, 1-2740 
CuHgN + NHA'XS f' HiCNOa),. 1-2052 
(CH5)4NBr c Hr. 1-2024 
('Il2:N C'H, CN c Ha(()n),. 1-2352 
(CHsltNC'l V Hr, 1-2925 
CH3NH2 c HHr,, 1-2744 
(’JIsNlIj c BCU, 1-2755 
c (C2H;.)sSiHr. I-30I5 
(CH3)2NIMIBr c 1-3004 

CiiHioNaO^ c HoCl-. I-24S5 
CMI.CNO.lsOU (-■ HaC’Oa. 1-2074 
(’aH^X-OS V BiCU. 1-2007 
(‘,on5-(X02)2-t>CM'! C Ba(()U)-.>, 1-2353 
('sHoXoSa c Ba(01I)2. 1-2354 
V BKXOala. 1-2053 
C':Il7XavS-. 0 BK’la. I-200S 
CaHeX.S e BiC’la. 1-2009 
tMUXjS^ 0 BiC'Ia, 1-2010 
C7H.SXS2 (■ BiC'B. I 2011 
C8H7N3S2 c BiC'la .1-2012 
(MUXot^aK 0 BaCI;:. I 2175 
c Bids, 1-2613 
c Bi(XOa)3. 1-2051 
C'hH, 2X2(S03K)-. V BaCla, I-2I70 
(•2H462 e Bi2(C’03)3. I-209S 
e BeCl.. I-24S4 
CjHsOj c B.O3. I-27‘t0 
CMIeOer Bi(N()3h*51I 4), 1-2075 
C4H6O6 e IIBO,. I-2.S13 
c KBO2. r-2S7l 
(dlla)-’!) r Bla, I-27SO 
C'HaOn c BBra. 1-30^) 

(MUOH c B3(C'6lI..K).,, 
c BIj, 1-2781 
c BzOa. 1-2797 
c BaO, I-230S 
c CBraCHO, 1-2957 
c CU^Br CU.nr, I-29S'4 

u CHBr-,C:0<)lI. 1-2979 
c CCUCOBr, 1-2972 
0 PSBra, 1-3050 
c P.SaBri, 1-3059 

(’alUCOIDs -f XuOH c H BOa, 1-2600 


(MiaCOlI), c BKXOa),, 1-2655 
C'cHaCOHls c BiCIa, 1-2614 
CclhOn e B 2 O 3 , 1-2798 
c Br, 1-2920 

C-'kIBsOH c B^Oa, 1-2799 
('nIUOaX c BeCIs, 1-2485 
(’i-lli6X204 e BcCIo, 1-2485 
(‘.sHnOXS c BiCla, 1-2615 
(’.4nn04Xu V Bi(X03)3, 1-2050 
(CllalaS C- BrCII.-COOII, 1-2951 
(’IhSIK’OOn 0 Bi2(t'05)3, 1-2699 
(’H,SII( OOK c Bi,(('03)3, 1-2700 
(’il.SIIC’OONa c Bi(OH)3, 1-2682 
(',sII,3 (S03)3-n3 c BaCOa, 1-2075 
(\X.. c BoP.. 1-2507 
CO c Al, 1-37 
(’O (• BatXlOe, 1-2303 
c BaO,, 1-2319, 1-2320 
(-• BisOa. 1-2709 
-P H,() f- BaO,, 1-2321 
('(), 0 B,S3, 1-2820 
e Ba!V04. 1-2252 
r Be(OII),. 1-2529 
-f 11,0 c BaS, I-24I3 
4- O, c BaBr,. I-20G0 
-t- O, c BaC’l,, I-2I77 
COC’l, (-■ BcO, 1-2513 
('40;,IU <’• BeO, 1-2514 
C^OalU e HaliOa, 1-2852 
r XaaBOa. 1-2921 
(',(UU e IIBO„ 1-2SI3 
('.OelU BcO. 1-2515 
(• KBO,. 1-2874 

(’,0JI.(C,M:.)2 c NuBO,. 1-2894 
(■.Oell.CCIh), (■ NaBO,, 1-2891 
(•40:.ICXIB t* NaBO,. 1-2893 
(■.0,H,(XH,), r- XaBO,, 1-2892 
COSO, -I- IICX r BaCO;, 1-2070 
CS-. (■ BalOH),. [-2355, 1-2350 
CS(XH,), r- HBrOa, 1-3037 
Ca c B,03. 1-2S0U 
CaC, r BiOCI, 1-2079 
(-■ Bi,03, I 2710 
CaC’X-. H3BO3, 1-2849 
CaCOa (-■ BaO, 1-2309 

-H II,S04 BaS,06, 1-2439 
CaCi, Ba. I 20.51 
r H:iS04. I 2127 
IhBOa. 1-26.50 
K,0- Bc 0-2C,03, 1-2527 
Cap, c B,03, I 2801 
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CaFz c BrOa, 1-2701 
Ca(HC 03)2 c CO 2 , 1-2357 
CaO c BFs, 1-2773 
c B 2 O 3 , 1-2802 
a H 3 BO 3 , 1-2851 
CaOCl. c NaBOa, 1-2898 
CdSO* -f HCN c BaCOa, 1-2077 
Cd(SCHoC 00 Na). 2 - 3 NaCI- 6 H 20 c BaCla, 
1-2178 

Ce(S 04)2 c BaPt (CN)^, 1-2405 
Cl c B 2 O 3 , 1-2803 
a BeCIo, 1-2488 
a BiaSa, 1-2727 
-|- CgHaNHa a Br, 1-2927 
4- H 2 O a CazB^Og, 1-2836 
4- H 2 O a CasB^Og-SHoO, 1-2837 
CI 2 a BaRuO^, 1-2411 
a Bi, 1-2586, 1-2587 
a, BiCU, 1-2604 
a Bi.Oa. 1-2711 
a CBrCIa, 1-2954 
a CHBrj-CHBr:, 1-2974 
4- CgHgNHo a Br, 1-2927 
a Ca2B407, 1-2836 
a CasB^OT-SHjO, r-2a37 
a SeOBrs, 1-3066 
a SiFBra, 1-3071 

4 - HNOa 4- KOII a BiOi, 1-2712 
CICN a BCla, 1-2756 
ClOz a BaOs, 1-2323 
Co a B, 1-2735 

{Co(N'H2CH2CH2\I[o),)CU a Bids, 1-2620 

CoO c B 2 O 3 , 1-2813 
Co(SCH 2 COONa )2 c BaCi., 1-2179 
Cr -h Hi a BCI 3 , 1-2757 
CrK(CXS)4*2XH3 c BKXOgla, 1-2657 
Cr(X 03 ) 3 - 6 XH 3 a BifX03)3. 1-2662 
Cr .03 a B, 1-2736 
CrOs a BaCrOj, 1-2245 
CsHSOi a Ba(OH).., I-235S 
CsICh a HiCla, 1-2616 
CsXOj 4- XaoS^Oa e Bi(X 03 ) 2 . 1-2647 
Cu a BiClj, 1-2617 
CUCO 3 a C:Br 3 C’OOH, 1-2963 
Cu(X 03)3 a B( 0 H) 3 , I-27S7 
c:uO a B.Oj, I-2S04 
CUSO 4 a BadCPO.)^, 1-2263 
a Ba(XO,) 2 . 1-2283 
a BaSsOa, 1-2136 
-f HCN a BaC03, 1-2078 
CuvSiFg a BaCli. 1-2180 


F 

F 2 c Na2B407’Ca2B408, I-29I6 
Fe a B, 1-2737 
a BeS04, 1-2428 
FeCIa a BaFeOa, 1-2253 
a BisSj, 1-2728 
Fe 203 4- C a BaSOa, 1-^29 
FeSOa a BaCNOs)?, 1-2289 
Fe 2 (S 04)3 a BaCCXS) 2 , 1-2161 
a Bi2S3, 1-2729 

G 

Gd2(S04)3-8H20 a Ba(Br03)2 H;0, 1-2064 
Gd 2 (S 04)3 a Ba(C 2 H 6 S 04 ) 2 , 1-2167 

H 

Ha a BCI 3 , 1-2758 
a Ba, 1-2055 
a BaSe04, 1-2449 
a BeO, 1-2516 
a Bi, 1-2588 
a BiaHz. 1-2705 
a BiS, 1-2694 
H 3 BO 3 a BF 3 , 1-2774 
H 3 BO 3 4- NaaOs a Na 2 B 407 , 1-2901 
HBr a BaOa, 1-2805 
a BiBrj, 1-2597 
a Br 2 , 1-2940 
a HBr03, 1-3038 
4- Br, a CHjBrCOOH, 1-2993 
HCHO a BaOa, 1-2324, 1-2325 
HC 2 H 3 O 2 a Ba(OH) 2 , 1-2359 
a BeCOa, 1-2477 
H 2 C 4 H 4 O 8 a B 0 CO 3 , 1-2478 
U CHi SOi a liaCOs, 1-2079 
a Ba(OH) 2 , 1-2361 
Hex a Br I-292S 
a CHBr2CHO, 1-2975 
c HBr, 1-3026 
a XaiBiOj, 1-2902 * 

4- XiS04 a BaC:03, 1-2080 
HCXS a Bi2(C03)3, 1-2701 
c Br, 1-2928 
a HBrOa, 1-3039 
4- KCXS a Bi2{C03)3, 1-2702 
4- NH 4 CXS c Bi 3 (C 03 ) 3 , 1-2702 
4- XaCXS c Bi,(C 03 ) 3 , 1-2702 
HiC.XoSa a Ba(OH) 2 , 1-2360 
IBCOj a Ba02, 1-2326 
a BaPt(CX) 4 , 1-2406 
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H,C 204 c Be(OH) 2 , 1-2530 
c Ba(NO,) 2 , 1-2290 
c KBO 2 , 1-2875 
+ HsSO* c BiONOa, 1-2690 
HjC204-2H20 c HBrOa, 1-3040 
HCOOH c BaCOs, 1-2081 
c BeCOs, 1-2476 
c Br 2 , 1-2937 

c (C 2 H 6 ) 4 -NBr Bra, 1-3016 
c HBrOa, 1-3041 
HCl c BN, 1-2782 
c B 2 O 3 , 1-2806 
c BaFeO^, 1-2254, 1-2255 
c Bals, 1-2271 
c Ba02, 1-2327 
c BaS, 1-2414 
c BeCOs, 1-2479 
c BeO, 1-2517, 1-2518 
c BiCU-NHj. 1-2633 
c BiO, 1-2676 

c BijOs, 1-2713, 1-2714, 1-2715 
c Bi(OH) 2 N 03 , 1-2686 
c BiOI, 1-2687, 1-2688 
c BiS, 1-2695 
c Br, 1-2929 
c MgjBa, 1-2883 
c MgsBa, 1-2884 
c NaaBiO?, 1-2903 
c Na2B407-5H20, 1-2917 
HCIO* c BaCIi, 1-2181 
c Brj, 1-2938 

N 2 H 4 H 2 S 04 c Ba( 0 H) 2 - 8 H 30 . 1-2399 
H 2 Cr 04 c BeCOs, 1-2480 
HF c B 2 O 3 , 1-2807, 1-2808 
c BeO, 1-2518 

4- (NH 4 ) 2 C 03 c Be(OH),, 1-2531 
II 2 F 2 c H 3 BO 3 , 1-2853 
e Na2Ca2B80,5 B203, 1-2919 
IIjGeOj c Ba(OH),, 1-2362 
HI c BeaC, 1-2575 
c BiOCl, 1-2680 
c (Cll 2 ) 2 Br 2 , 1-3004 
c CHoX’HBr, 1-2996 
c CNBr, 1-3017 
c HBrOa, 1-3042 
HlOj c Bc{OII) 2 . 1-2532 
U2M0O4 c Bc(OH) 2 . 1-2533 
HN, c BaO, 1-2310 
c Ba3H4{I06)2, 1-2459 
IINO3 c AIN, 1-333 


IIXO3 e BaFe 04 , 1-2256 
c BaS, 1-2415 
Ba3H4l06, 1-2459 
c Be(OH) 2 , 1-2534 
c BeCOHXCHcCOa), 1-2552 
c CBraCHO, 1-2958, 1-2959 
HjNOH c CHs CBrzNOj, 1-2999 
H,0 c AI 4 C 3 , 1-210, 1-211 
H 3 O c B(CNS)3, 1-2749 
c BF 3 , 1-2775, 1-2776 
c BaHj, 1-2749, 1-2791, 1-2792 
e BsHs, 1-2830 
5 BN, 1-2783 
c BjHsBr. 1-2789 
c B 2 O 1 SO,. 1-2825 
c BaCj, 1-2156 
c Ba(C2Hs S04)2, 1-2166 
c BaC 04 , 1-2153 
c BaFeO*, 1-2257 
c BaHj, 1-2261 
c Ba 2 l 04 , 1-^454 
c Ba2l209, 1-2455 
c BajNj, 1-2758 
cBaO, 1-2311 
c BaS, 1-2416 
c BaS20g, 1-2445 
c BaSi04. 1-2457 
c BcCl 2 , 1-2486 
e BeCr04'H20, 1-2503 
f; Be(OII) CC 2 H 3 O 2 ) , 1-2553 
c BiBrj, 1-2595 
c Bil,, 1-2639, 1-2640 
c Bi(NOs)3, 1-2648 
c BKNOsIj, 1-2658, 1-2659, 1-2660 

c Brj, 1-2939 
e BrFa. 1-2950 
e CBr 4 , 1-2969 
c (’Bra COOH, 1-2964 
c C’ClsCOBr, 1-2973 
e CHBrj CHO, 1-2976 
c CHjOOBr, 1-3001 
(• (CNBr) 3 . 1-3023 
c HBr llCN, 1-3034 
c NaBOa. 1-2899 
c NaaB^OT, 1-2904 
c PBra, 1-3047 
c PBr., 1-3051 
c POBfi, 1-3055 
c POOU-BCla, 1-2922 
c PSBrj, 1-3057 
c PSBrClj, 1-3060 
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c StBn, 1-3061 
c SeBr^, 1-3062 
c Se2Br2, 1-3065 

4- Nas-IOc* (Mo 03)6 e BaCU, 1-2182 
+ O 2 c Bi(N02)3, 1-2649, 1-2650 
+ PbO c CHaBr., 1-2988 
+ A c (CHjCOS)3 Bi, 1-2598 
H 2 O 2 c BaOa, 1-2328, 1-2329 
c Ba(OH) 2 , 1-2363, 1-2364, 1-2365 
c HBr, 1-3027 
a HBrO, 1-3036 
c IviBOa-SHaO, 1-2878 
+ NH^OH c BiONO:, 1-2691 
HPO 3 c BeO, 1-2519 
H 3 ASO 3 c AII 3 , 1-318 
IUVO 4 c BaCOs, 1-2082 
c BaOz, 1-2330 
c Ba(OH) 2 , 1-2366 
c BeO, 1-2520 
H 4 P 207 c B 2 O 3 , 1-2809 
HaS c B, 1-2738 
c BaCOs, 1-2083 
c Bids, 1-2618 
e BiCl 3 - 3 NH 4 C], 1-2634 
c CNBr, I-301S 
c FeB, 1-2840 
H 2 SO 3 c BaOs, 1-2331 
c BeO, 1-2521 
a Be(OH) 3 , 1-2535 
c CNBr. 1-3019 
H 2 S 04 c Ba(Br 03 ) 2 . I-20G3 
c BaC 04 , 1-2054 
a BaCls. 1-2183 
c Ba(C103)2, 1-2234 
a Ba(C104)2, 1-2241 
c Ba{Fe(CN)6N0)-3H20, 1-2249 
c BaCHoPOz):, 1-2264, 1-2265 
e Ba{HS02)2, 1-2269 
a Ba{Mn04)3, 1-2278 
a Ba ( 0 C 2 H 5 ) 2 . 1-2401 
a BaOrSHaO, 1-2402 
c BaPaOe, 1-2403 
a BaS, 1-2417 
c BaS04, 1-2430 
a BaSsOs, 1-2446 
a BaSe04, 1-2450 
a BeO, 1-2522 
a Be(OH) 2 , 1-2536 
a BiKCi4, 1-2646 
a Bi(N03)3, 1-2661 


c Bi 204 , 1-2723 
c CBn, 1-2970 
c (CH 3 COS) 3 Bi, 1-2599 
c H 3 BO 3 , 1-2854 
a LiBaOs-SHaO, 1-2880 
a LisBsOs lOHsO, 1-2882 
c MnB, 1-2885 
a Na2B407, 1-2905 
+ B 2 O 3 a KBF 4 , 1-2873 
HoSeOs a BaCOs, 1-2084 
a Be(OH) 2 , 1-2537 
a BijCCOala, 1-2602 
a Bi(OH) 3 , 1-2683 
HaSeOi a Ba(NOs) 2 , 1-2291 
a BeCOa, 1-2481 
Hg(C 2 lIs)z a Be, 1-2465 
Hg(CN )2 a Be(SCN) 2 , 1-2557 
HgCU a BeCla, 1-2487 
HgNO, a CBrj COOH, 1-2965 
a CHBraCOOH, 1-2980 

I 

I a BaOs, 1-2332, 1-2333 
a BeCIa, 1-2488 
I 2 a Ba(OH) 2 , 1-2367 
a BaSaOa-HjO, 1-2438 
a Be, 1-2466 
a BiaS,, 1-2730 
a K 2 B 4 O 7 , 1-2877 
+ Bra a BaPtCCN)4, 1-2407 
-h H 2 SO 4 c Ba ( 0103 ) 2 , 1-2235 
SO 2 a Balz, 1-2272 
-f- A a BaOs, 1-2334 

K 

K a BBra, 1-2747 
a BF3, 1-2777 
a Bi, 1-2589 
a NHiBr, 1-3044 
KBr a Bi(N03)3, 1-2662 
a Bra, 1-2940 
KBrOj a BaCIz, I-21S4 
KCNO a Bra, 1-2941 
KCxNS a BaCla, 1-2185 
K 3 CO 3 a BaS 04 , 1-2431 
a Bi(N03)3, 1-2663 
a CHBraCOOH, 1-2981 
K 2 C 2 O 4 c Be(OH) 2 , 1-2538 

a Bi 3 (C 204 ), 1-2601 
IvC 404 Hs a KBOa, 1-28/6 
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KCl 5 BisOa. 1-2714, 1-2715 
ICoCojCCN)!" c Ba3Co2(CN)ij, 1-2242 
KaCrOi <3 BaCOs, 1-2085 
c BaCU, 1-2186 
c Ba(NOs)2, 1-2292 
a BaSOi, 1-2432 
a Bo(N03)2, 1-2509 
c BeSO*. 1-2564 
K8Fe(CN)6 c BaOi, 1-2335 
a BiCIj, 1-2619 

KjFeCCN)« + KI + KOH c BaCOIDa, 1-2368 
KHCOs a Be(N 03 ) 2 , 1-2510 
KHCaO^ a Be(OH) 2 , 1-2539 
KH2Cos(CN)„-H 20 a Ba(N03)2, 1-2296 
KHOCCA^Oi) a Be(OH) 2 , 1-2540 
KHSOa c BaCl2. 1-2187 
a Be(OH) 2 , 1-2542, 1-2543 
KI a BiCls, 1-2620 
c Bi(NOj)3, 1-2664 
a Brs, 1-2933 
c CiHiBra, 1-3005 
a UBOu 1-2844 
a HaBOs, 1-2855 
-t- HCl a BaCrOi, 1-2246 
-t- HCI a BaFeO*, I-225S 
4- A a Bi(N03)3, 1-2665 
KIO a HBO 2 , 1-2844 
KlOi a BaClo, 1-2188 
KIO 4 a BeCOa, 1-2482 
a HaBOa, 1-2855 
KAInCCN)* a BiCla, 1-2621 
KMn 04 c Ba(OH) 2 . 1-2369 
KNH 2 a BaCNHn)., I-22S1 
a Ba(N03)2, 1-2293, 1-2294 
a Be 1-2467 
a Bila, 1-2641, 1-2642 

KNO 2 -t- CsNOa + (NuCI) a Bi(N 03 ) 3 , 
1-2666 

KOH a HzHo, 1-2793 
a B 4 H 10 , 1-2828 
a B 2 O 3 , 1-2810 
a Be(OH) 2 , 1-2544 

a BiCIa, 1-2619 
a Bila, 1-2643 
a BiOBr, 1-2678 
a BiOCI, 1-2681 
a BrSCSNa, 1-2952 
a CBraCONHj, 1-2953 
a CBraCOOH, 1-2966 


a CHBroNOa. 1-2984 
a CHjCI-CHjBr, 1-2997 
a HBr04, 1-3043 
a HBr-HCN, 1-3035 
K 4 Ru(CN)« a Ba 2 Ru(CN)*, 1-2456 
KaSOa a BaCU, 1-2189 
K2SO4 a Ba(Fe(CN) 6 N 0 )- 3 H 20 , 1-2250 
a BaFe 04 , 1-2259 
a BaHsPsOe, 1-2267, 1-2268 
a Ba (N02)4 Pt, 1-2295 
a Bas(POa)6, 1-2460 
a BaSaO*, 1-2440, I-^l 
a BeS 04 , 1-2565, 1-2566 
+ H2S04 a BeS04, 1-2567 
KiSeOa a BaCIo, 1-2190 
KSnOa 4- KOH c Bids, 1-2622 
K 2 W 04 - 2 H 20 a HsBOa, 1-2856 

L 

LaaOa c Ba(OH) 2 , 1-2370 

Li* Co 2 (CN)ya a BaaCOoCCNOia, 1-2243 

LisCrO* a BaCL, 1-2191 

LiOH -f H 2 O 2 a HsBOa, 1-2857 

Li 2 S 04 a BaCL, 1-2192 

LiiSjOa a Bi2(S203)3, 1-2732 

M 

Mg a BCla, 1-2759 

a BjOs, 1-2811. 1-2812 
a BaO, 1-2312 
a Ba(OH) 2 . 1-2372 
a BeO, 1-2523 
a Be( 01 I) 2 , 1-2545 
-f- C a BaCOa, 1-2086 
MgaC 4- C a B 2 O 3 , 1-2814 
MgCOa a BaCL, 1-2193 
MgaNo a IlaBOa, 1-2858 
MgO a B 2 O 3 , 1-2813 
a Be. 1-2468 

MgS 04 a BaPt(CN) 4 , 1-2408 
MnaC4- C a HsBOs, 1-2859 
MnO a BcOa, 1-2802 
Mn02 a B, 1-2739 

4- SO-» a Ba(011)2, 1-2371 
MnS04 a Na2B407, 1-2906, 1-2907 
MnSOi 4- NaOH c Na 2 B 407 , 1-2908 
MoOa a Be(OH) 2 , 1-2546 
a BijOa, 1-2716 
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Ni c BaCo, 1-2157, 1-2158, 1-2159 
c BaHz, 1-2262 
c BeaC, 1-2576 
NHa c BBra, 1-2748 
c BCla, 1-2760, 1-2761 
c BFa, 1-2778 
c BsHa, 1-2831 
c B 2 O 3 , 1-2815 
c Ba, 1-2056, 1-2057 
c BaBra, 1-2061 
c BaCOa, 1-2087 
c BaOs, 1-2336 
c Be, 1-2469 
c BeoC, 1-2577 
c BeCla, 1-2489 
c Bela, 1-2508 
c BeSOi, 1-2568 
c Bids, 1-2623 
c CjHsBr. 1-3008 
c SiSBr^, 1-3073 
+ K c BaBr., 1-2062 
+ NaCl c H3BO3, I-2S60 
c CN-Br, 1-3020 
NH<Br c Be. 1-2470 
c Br, 1-2930 

(NH 4 ) 3 dH 7 (COO )5 e BaCI-,. 1-2191 
CNPl 4 ) 2 C 03 c BaSeO^, 1-2451 
c Bi(N03)3, 1-2667 
c CHBroCHOOII, 1-2982 
(NH4)2C204 c Bc(OH):, 1-2538 
NH4CI c BaCOa, I-20S8, 1-2089 
c BaO:, 1-2337 
c Be, 1-2471 
c BiCIa, 1-2624 
C Br- 2 , 1-2942 
c Na:B 407 , 1-2909 


-1- Xa 4 P 207 c BaClo. 1-2195 
(Ml 4 ) 6 Coo(rN)„ (-• BaaC’OatCX),,. 1-2244 


(XIl4)2F2 c Bc(OII)2, 1-2547 
c Bi(OII) 3 , 1-2681 
XH 4 nC 20 , c' 1-2539 


{X2H4) -2112003 c BoCI ., 1-2490 
XH4H0-{C4H,0.,) c Bc(OII) 2 , I-254I 
XH 4 nS 03 0 Ba(OII) 2 , 1-2543 
X 2 H , -112804 0 Ba(n04)-.. 1-2236 


c Ba(OH) 2 , 1-2373 
c BaPt(CXl,. 1-2409, 1-241(1 
+ Ba(OII )2 C- BulCIOali. 1-2237 
XHJ t* BiO, 1-2644 


XIM c Brc. 1-2943 
NH 2 OH c CHjCBrzNOj, 1-3000 
NH 40 H c BeCla, 1-2491, 1-2492, 1-2493 
c BeHPOi, 1-2506 
c Be (OH) 2 , 1-2537 
c BeSO^, 1-2569 
c Bi(N 03 ) 3 , 1-2668 

CiOeHfl c BiCIa, 1-2625 
Nal -h CNH 4 ) 3 P 04 c B&h, 1-2273 
+ c BaClj, 1-2196 

(NH4)3(SCN), c BaCl 2 , 1-2197 
(NH4)2S04 c Ba(C0S)4Ni-4H20, I-2I68 
c Ba(Fe(CN)5N0)-3H20, 1-2251 
a Be(BeC 0 H) 2 ),C 03 , 1-2473 
a BeS04, 1-2570 
a Bi2(S203)3, 1-2732 
a Na2B407, 1-2910 
Xa a BCI 3 , 1-2763 
c BaHsI, 1-2790 
a Ba, 1-2058 
a BeCIa, 1-2494 
a Bi, 1-2590 
a CH 2 :CHBr, 1-2995 
Xa2C4H,0( c BeC 4 H 40 «, 1-2475 
NaCisHisO? a Bad;, I-2J98 
Xa.COa a B 2 O 3 , 1-2816 
a Bada, I-2I99, 1-2200 
a BiONOs, I-2C92 
a CBraCOOH, 1-2967 
c CaaBeOii, 1-2838 
a H 3 BO 3 , 1-2861 
c XaaBiO?, 1-2911, 1-2912 
XaaC'aO* c BeCOH),, 1-25.38 
XaaCcOe a BaCla, 1-2201 
Xa2C40iIl4 a H 3 BOS, 1-2862 
Xad a Bi{X 03 ) 3 , T-2669 
c H 3 BO 3 , 1-2863 
a HaB.Oj, 1-2846 
a (Xfl4)jB407, I-2iS87 
XaClOj a Bi(X 03 ) 3 . 1-2670 
XaF a BeO, 1-2521 
a X'aBOi. I-2S95 
Xa 3 Fe 04 a BaOrOi, 1-2247 
XalK’Oj a Bad.. 1-2202 
a B(‘(()II) 2 . 1-2^8 
XallF. a II 3 HO 3 . 1-2864 
XajH.IOs a B.alXOj)., 1-2297 
XallO. a HBO 2 , 1-2845 
Xa 4 H 0 (C,H. 03 ) c Be(OH) 2 , 1-2541 
Xa 2 lIP 04 a Bed., 1-2495 
a Be(XO,).-3H.O, 1-2511 
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NasHiPsOr c BaCI., 1-2203, 1-2204 
NHiOH c BaClo, 1-2205 
NaHSOs c CBra CIIO, 1-2960 
c NaCaBjOs. I-291S 
NaHSeOs c Ba(X 05 ) 3 , I-229S, 1-2299 
NaIO« c Ba(N 03 ) 2 , 1-2300 
NaNOa c BaCls, I-220G 
c HBF4, 1-2842 

-I- NH^NOa c Bi(N'Os)3. 1-2671 
NO c Bra. 1-2944 
NajOa c HaBOs. 1-2865 
Na304 c BCls, I-27G2 
c HBF4, 1-2779 
NaOH c AUN 03 ) 3 , 1-353 
NaOH c BtHio, 1-2829 
c BiHsBr, 1-2789 
c BjOa, 1-2817 
c BPOi, 1-2788 
c BaSiFe, 1-2452 
c Be(OH) 2 , 1-2549 
c Be(0H)2C40sn4. 1-2554 
c Be,(0H)2C40«H2. I-25S1 
a BiiCftHBOio, 1-2697 

c BiCU, 1-2626 

a CaHjBr, 1-3008 
a CsSjBrfi. 1-3024 
a NH4Br, 1-3045 
a SillBra, 1-3072 
-f CiOsHb a BiCIa, 1-2627 
4- C4O8IU a NaBOs, I-2S96 
+ HjOs a H,B03, 1-2867 
a NaaBiOv, 1-2913 
-f NaC^OsHi a NaBOo, 1-2897 
-t- Na2C406H4 a NuB 03, 1-2900 
(Na20)2-5Mo03 + SO2 c BaC'l., 1-2207 
NajP04 a Beds. 1-2496 
a CaB407. 1-2833 
Na3P04 ll20 a Ba( ’l>. 1-2212 
Na3(P03)3 a BaCI,. 1-2208 
Na4P207 a Bad,, 1-2209 
a Ba7H2(P207)4. 1-2461 
a Ba9H2(P207)3. 1-2462 
-f NH4d a BaCl,. 1-2210 
NaBlOB(Mo03)e a BaCl,. I-21S2 
Na^PaOu a Bad,, 1-2211 
NaaPSa-SHaO c BuS, 1-2418 

NaiPt(C204)2 a Ba(N03),, 1-2301 
NaaSCSNj a CNBr, 1-3021 
Na 2 S 04 a BaCl,. I-22I3 
NaaSO* c B 2 O 3 , I-2S18 

a BaCOs, 1-2090 


a BaClo, 1-2214 
a BeS 04 , 1-2571 
a H 3 BO 3 , 1-2868 
a (NH4)2B407, I-28S8 
Xa,S203 a Bi(N03)3. 1-2672 
a BiaOj, 1-2714 
a 31 ,( 8 , 03 ) 3 . 1-2732 
a CslUBr, 1-3009 
Na,Se03 a BeS04, 1-2572 
Na,SiF 6 a CaB, 07 . 1-2834 
XaaTeOs a BaCl,, 1-2215 
Xa 3 W 04 a H 3 BO 3 , 1-2869 
Xa,Zn 2 (CH 2 S COO)3 c Bad,, 1-2216 
Xi a B, 1-2735 
a B,Os, 1-2813 

Xi(XO,)2 KNO. a BaCCaHaOa),, 1-2163 
XiO a B, 03 , 1-2813 

O 

O, c Bda. 1-2764 
a B-Hs, 1-2784 
a Bal,, 1-2274 
a BaScO,, 1-2448 
a BeBi-2, 1-2474 
a Bi, 1-2591 
a BiCl,. 1-2605 
a IIBr, I-302S 
a PBra, I-31B8 
-H IICI a Bi. 1-2592 
+ Heat a BiOI, 1-2689 
-|- Light a Br, 1-2931 
()3 a Br,. 1-2945 
a HHr. 1-3029 

P 

1’ -a ().. a BCh. 1-2765 
PBr„ a 1U)3, 1-2819 
PCli a lii,()3. 1-2717 

a P('lvBr,-3lir:, 1-3053 

IH'L a IM).. 1-28*20. 1-28*21 

a I*Slir3, 1-3058 
Pila a HiBr,. L2596 
l>l> a lii. I *2594 
PI, a Bid,. 1-2628 
p,0. a BCh, 1-2766, 1-2767 

a Hlir. 1-3030 
a Plir.. 1-3052 

POCh a li,03. 1-28*22, 1-2823 
a BCl,. I-27G8 
P,S, a Bid,. 1-2629 
Ph(CIIv8(),)3 a Ik*. (SO,),, I -257!) 
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PbCOa c CBra COOH, 1-2968 
c CHBraCOOH, 1-2983 
Pb(N 03)2 c Ba-(N 02 ) 2 -l 2 -Pt, 1-2286 
PbS c B, 1-2740 

Pd(CN )2 + HCN c BaCOj, 1-2091 
PdCL c BeCU, 1-2497 
PtCU + HCN c BaCOa, 1-2092 
PtCl4 c BeCIz, 1-2498, 1-2499 

R 

RbCl c BiiOi, 1-2714 
Ru 2 Cle c BaCOa, 1-2093 

S 

S c Be, 1-2472 
c BeCl 2 , 1-2500 
c Bi, 1-2593 
c BiCIa, 1-2630 
c BiCl3-3NH4CI, 1-2634 
c BrFa, 1-3025 
c SeOBrz, 1-3067 

50 2 c BaOj, 1-2338 

c Ba(OH) 2 , 1-2375 
c BaS, 1-2419 
c Be(OH) 2 , 1-2550 
c BiCU, 1-2631 
c BiaOa, 1-2718 
c Bra, 1-2946 

c NaaCaaBsOis' BaOa, 1-2920 
c PCIaBra-SBra, 1-3054 

50 3 c BCI 3 , 1-2769, 1-2770 
c BaFa, 1-2248 

c BaSO*, 1-2433 
SOCIa c BaOa, 1-2339 
SbFa c SiBr4, 1-3070 
Se c FeaB, 1-2841 
c MnaB, 1-2886 
0 SeOBra, 1-3068 
SeOa c SeBr4, 1-3063 

-I- HaOr: (Be8eO3)a-(BcO)3-10H..O, 1-2580 
SiCb c BiaOa, 1-2719 
c BiaOs, 1-2724 
SiF4 c BeO, 1-2524 
c CaB407, 1-2835 
SiOa c BaCOs, 1-2094 
c BaO, 1-2313 
c BeO, 1-2525 
Sn c Bi, 1-2594 
SnCb -f- HC'I C BeO, 1-2526 
SnO c Bi.Oa, 1-2720 
SrO c B 2 O 3 , 1-2802 


T 

TiOa c BaCOa, 1-2095 
TlNOa c Ba(N02)2, 1-2284 
TIaS 04 c Ba(Mn 04 ) 2 . 1-2279 
c Ba(OH) 2 , 1-2374 

V 

VaOs c Be(OH)a, 1-2551 

W 

WO 3 c BiaOa, 1-2721 

Z 

Zn c CHaBr CHaBr, 1-2990 
c CaHiBra, 1-3006, 1-3007 
c CaHsBr, I-30I0, 1-3011 
c CaHsBra, 1-3013 
c CsHioBra, I-30I4 
c CaHsOBr, 1-3012 
ZnSOi + HCN e BaCOa, 1-2096 
Zr c B, 1-2741 
ZrO -f A1 c BaOa, 1-2340 
ZrOa c Ba(OH) 2 , 1-2376 
Zr(S 04)3 c Ba(C 103 ) 2 , 1-2238 
c Bals, 1-2275 

Electricity (e) 

e e BaCIz, 1-2233 
e Ba(OH) 2 , 1-2377 
e BeClz, I-250I 
e BiCB, 1-2632 
c 812 ( 804 ) 3 , I-273I 
c NajBjO:, I-29I4 
-f Na2C03 c BuaBiO;, I-29I5 

Heal (ii) 

A a B(C 6 iL)Oa, 1-27.50 
a BCI3-6NH3, 1-2771 
c BO OC 2 H 5 , 1-2785 
a BaOj PaOs, 1-2824 
c BaC03. 1-2097, I-20i)8 
a Ba{CO) 2 , 1-2162 
c Ba(C]03)2, 1-2239 
a BaGeFs, 1-2260 
a BaCH3P02)2, 1-2266 
a Ba(I03)2, 1-2277 
a Ba{Mn04)2. 1-2280 
a Ba(NH 3 ) 2 , I-22S2 
a Ba(NH3)6, 1-2304 
a BaCN02)2, 1-2285 
c BaO, 1-2314 
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c BaO -OHsO, 1-2315 
5 BaOs, 1-2341, 1-2342 
cBaOs-SHoO. 1-2400 
c BaPl03-4ll20, 1-2404 
c BaS04. 1-2434 
c BaSsOs, 1-2442 
c BaSaOT, 1-2443 
c BaSaOs'HoO, 1-2447 
c BaCSOaF).. 1-2437 
c BaSiFe, 1-2453 
c Ba2l209, 1-2455 
c BeCU-lMCU, 1-2502 
c BeFo' R*^2F->, 1-2504 
c BelMCU-SH.O, 1-2555 
c BePtCU-SHiO. 1-2556 
c BeS04, 1-2573 
c (Be(0H)2)3-7H20, 1-2582 
c Bi(H2P02)3, 1-2637 
c Bi(N02)3, 1-2651 
c Bi{K03)3. 1-2673 
c BiO. 1-2677 
5 BiONOa, 1-2693 
c (BiOeCoO^, 1-2704 
c BiSI, 1-2696 
c Bij(Ci04)3*6H2O. 1-2703 
c BisHo, 1-2706 
c BijOa. 1-2722 
c Bi20(C204)2. 1-2725 
c Bi.. 02 CC 204 ). 1-2726 
c CBr4, 1-2971 
c C’Br^CNC'OOH, 1-2956 
c CBrCU CBrCI,. 1-2955 
c (CHjCOSlsBi, 1-2600 
c CNBr, 1-3022 
c Cu(B 02)2, I-2S39 
c H 3 BO 3 . 1-2870 
c LiB03-8H20, 1-2879 
c Li 2 B 407 oH 20 , 1-2881 
c (N2H4)3(B203)6, 1-2889 
c (NH4)2BeF4, 1-2505 
c XaBFi, 1-2890 
4- e c BiFa, 1-2635 

Light 

Light c HBr, 1-3031 
UV Light c Ba(N3)2, 1-2802 


Acid c BaNsOa, I-22S7 

Acetyl benzoic acid c Ba(Oil) 2 . I-2-tj8 

Aconic acid c l^aC'Os, I-209U 


Alpha, beta, dihydroxy-tricarballylic acid c 
Ba{OH) 2 , 1-2379 

Alpha dibromo propionic acid 5 BaCOs, 

1-2100 

Alplia-m-isocymolsulfonic acid c BaCOs, 

1-2101 

Aminobenzoic acid c BaCOs, 1-2102 

3- amino-4-broinobenzene sulfonic acid c 

BaCO,, 1-2103 

5-ainino-2-bromobenzene sulfonic acid c 
BaCOj, 1-2104 

2-amino-3.5-dibrc)mobenzoic acid c BaCOs, 

1-2105 

2-ainino-3-nitrobenzoic acid c BaCOs, I-2I06 

4- amino-3-nitrophenetole c HBF^, 1-2842 
4-amino-2-toluene sulfinic acid c BaCOs 

1-2107 

2-amino-3,4,5-tribromobenzene sulfonic 
acid c BaCb, 1-2217 

Ammonium-3, 4-dibromo alpha furcate c 
BaC:i2, 1-2218 

Ammonium-3, 5-dinitro-4-aminophenol pro- 
pionate c BaCl-j, 1-2219 
Ammonium propenylbenzoate c BaCh, 
1-2220, 1-2221 

Ammonium-3. 4. 5-tribromo alpha furcate 
cBaC'b, 1-2222 

m-Benzoylbenzcic acid c Ba(OH )2 1-2381 
Benzylselenous acitl c BaC O 3 , 1-2108 
Benzyl tartrcnic acid c BaCU, 1-2223 
Betadichlcro acrylic acid c Ba(' 03 , 1-2109 
Betaine 4- H-O c Balj, 1-2276 

3-bromo alpha-furoic acid c Bii(OII)-, 

1-2382 

3-Brcmo-5-aminobcnzoic acid c BaCOa, 
1-2110 

3-Bromc-2-toluenesulfcnic acid c BaCOs, 
1-2111 

N-Butanesulfonic acid c BafOIIla, 1-2383 
Cami)hiinic acid c BaCOa, 1-2112 

l-Curboxy-4-benzenesulfonamide c BaCO.,, 

1-2113 

1- Carl)cxy-4-benzenesulfcnic acid c BaCOs, 

1-2161, 1-2114 

2 - Chlorobcnzoic acid c BaCOs. 1-2115 

3- Chloro-5-nitrobenzoic acitl c BaCOj, 

1-2116 

2 -('hloro-p-lcluenesulfonic acid <• Ha( O3, 


1-2117 

Cinnamic acid-4-sulfoni<! acid «■ 
I -23S4 


Ba(Oll)2, 
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Coumarilic acid c BaClj. 1-2224 

3.5- diamino-benzoic acid c BaCOs, 1-2118 
Decomposition c Bi(X02)3, 1-2651 
Dibromoacrylic acid c BaCOs, 1-2119 

3.5- Dibromo-aIphafuroic acid c BaCOj, 
1-2120 

3.6- Dibromo-benzenesulfonate c BaCOs, 
1-2121 

3.4- Dibromo-benzoic acid c BaCOj, 1-2122 

2.4- DichIoro-bcnzoic acid c BaCOj, 1-2123, 
1-2124 

p-Diethylbenzol sulfonic acid c BaCOs, 
1-2125 

Diethylmethyl acetic acid c Ba(OH) 2 , 
1-2385, 1-2386 

Dimercapto thiadiazol c Bi(N03)3, 1-2674 
X-dimethylaminoacetic acid c HBr, 1-3032 
X-dimethyiamino acetic acid hydrobromide 
c Ba(OH),.. 1-2387 

X-dimethylamino acetic acid hydrochloride 
cBa(OH) 2 , 1-2388 

X-dimethylamino acetic acid hydroiodide 
c Ba(OH) 2 , 1-2389 

2.4- Dimethyl-5-bromo-benzoic acid c 
BaCOs, 1-2126 

3,o-Dimethyl-4-bromo l)enzoic acid c 
BaC'Oj, 1-2127 

Dimethyl ethyl acetic acid c Ba(OH) 2 , 
1-2386 

1 .3- Dimethyl-2-nitrobenzoic acid c RaC’Oo, 
1-2128 

2.4- Dimethyl-o-nitrobenz()ic acid c BaCOi, 
1-2129 

2.4- Dinitro benzoic acid c BaC’O.j, 1-2130 
Diphenylene-acetic acid c BaCOj, 1-2131 
Dipot assiuin-p-azobenzyldisulfonate c 

Ha(('..H302)2. 1-2164 

Dipotassium-3-3‘-dibromo-2-2-diinethyl-4- 
4-az()benzoldisulfonate c Ha(f’ 2 H 302 ) 2 , 

Ephcdrinc c CUHr.i, I-29S7 
Ethyl Malotiic acid c BaCOa, I-2I32 
Gamna hy»Iroxy-n-butyric acid c Ha(OH) 2 , 
1-2380 

Glutamic acid c Ba(01I)j, 1-2390 
Glutamic acid c PHrs, 1-3049 
Glutamic acid hydrobromi<le c Ha(OH)-», 
1-2391 


Glutamic acid hydrochloride c Ba(OH)j 

1-2392 

Glutamic acid hydriodide c Ba(OH) 3 , 
1-2393 

Heptanoic acid c Ba(OH) 2 , 1-2394 
Heptylacetic acid c Ba(OH) 2 , 1-2395 
2, 4 , 6 . 2' , 4', 6'-Hexabromo-azobenzoI-3 , 3'- 
disulfonic acid c BaCb, 1-2225 
Hydantoinpropionic acid c PBrj, 1-3050 
p-Hydro.\y-benzyl sulfonic acid c BaCOj, 
1-2133 

4-Hydroxy-uvitic acid c BaCOs, 1-2134 
Isobutylphenoxypivalinic acid c BaCOj, 
1-2135 

Lead p-di-n-propyl benzosulfonate c BaCOi, 
1-2136 

Linolenic acid c Brj, 1-2947 
Lutidine dicarboxylic acid c BaCOj, 1-2137 
p-methyl-methoxy-quinoIine-2-carboxylic 
acid c HBr, 1-3033 

Methyl uvinic acid + C7H9OCOOH c BaCOj, 
1-2138 

3-Xitro-5-amino-benzoic acid c BaCOi, 
1-2139 

3-Xitro-4-Clilorobenzoic acid c BaCOj, 
1-2140 

2-Xitro-3,4-Dibromobcnzoic acid c BaCOj, 
I-2I4I 

2-Xitro-3,5-dibromobenzoic acid c BaCOj, 
1-2142 

2-Xitro-4-ethyl benzoic acid c BaCOj, 
1-2143 

p-Xitro-monobromo-cinnamic acid c 
Ha(OHh, 1-2396 

2-Xitro-5-n-propyl f)enzoic acid c BaCOj, 
1-2144 

Ort huphenylbcnzoic acid c BaCOj, 1-2145 
Oxytetrolic acid c BaCOj, 1-2146 
I’arvolin dicarboxylic acid c BaCOj, 1-2147 
l^otassium oleate c BaCL, 1-2226 
Potassium 2.2',4,4'-tetrabromo-azoben- 
zo!-o, 5'-disulfonate c BaCb, 1-2227 
p-n-Propylbenzoic acid c BnCOj. 1-2148 
Pulvinie acid c BaCOj, 1-2149 
Pyridine tetracarbo.vylir acid c BaClj, 
1-2228 

Quininec BiBrj, 1-2507 
Saccharic acid c Bi(OH)j, 1-2685 
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Sarcosine hydrioclide c Ba(OH) 2 , 1-2397 
Sodium nonylenate c BaClj, 1-2229 
Sodium pentabromo-benzenesulfoiiate c 
BaClz, 1-2230 

Teraconic acid c BaCU, 1-2231 
Thiamin chloride c Bila, 1-2645 
Thioglycollic acid c BaCOj, 1-2150 


p-Toluidine-2-sulttnic acid c BaCOj, 1-2151 
3,4, 5-Tribromo-benzcnosulfonic acid c 
BaCb, 1-2232 
Urea c Br^, I-294S 

Uvinic acid -I- C’^HtOCOOH c BaCOa, 1-2152 
X-Valeric acid c Ba(OH) 2 , I-239S 
Xylenol Blue c Brj, 1-2949 



INDEX TO SUBSTANCES OBTAINED 

7/1 order io facilitate the location of any desired products obtained in the fore- 
going reactioiis the following index has been included. The formulas of compounds \ 
follow the list of names. 


Names 


Acetaldehyde, 1-933, 1-972 
Acetylene, 1-1555, 1-1556 
Adamine, 1-1711 
Alumino malic acid, 1-437 
Alumino tartramic acid, 1-438 
Aluminum abietate, 1-32 
acetate, 1-28, 1-488, 1-490 
acetylacetone, 1-344, 1-225 
amalgam, 1-80 
arsenate, 1-506, 1-1908, 1-517 
arsenide, 1-187, 1-1047, 1-1052 
arsenite, 1-1758 
borate, 1-518, 1-519 
boride, 1-13, 1-15, 1-17, I-IS 
bromide, 1-21, 1-22, M72, 1-203, 1-320. 
1-2935 

carbide, 1-23, 1-26, 1-33, 1-34, 1-37, 1-376, 
1-426, 1-397, 1-422, 1-448, 1-449, I-47S. 
1-549 

carbonate, 1-617 
carbonate sulfate, 1-544 
chlorate, 1-485 
chloro sulfate, 1-499 
chromate, 1-157 

chloride, I-l, 1-2, 1-65, 1-93. M33. 1-134. 
1-144, 1-170, 1-209, 1-223, 1-224. 1-235. 
1-327, 1-328, 1-349, 1-361, 1-362, 1 376, 
1-397, 1-422, I-44S. 1-449, 1-478, 1-549. 
1-616, 1-637, 1-644, 1-1131 
chloride liexammoniate, 1-252. 1-253 
chloride nonammoniate, 1-25-1 
columbate, 1-620 
cyanide, I-Sl 

dichlorobromide, 1-195, 1-197 
dihydrogen phosplialo, 1-402 
ethylate, 1-315 
ferrocyanide, 1-614 

fluoride, 1-68, I-9S, 1-142, 1-400. 1-450. 
1-461, 1-490, 1 493. 1-495, 1-523. 1-524. 
1-607 

fluosilicate, 1-77 


gennanate, 1-265 
hydroacetate, 1-489 
hydrocarbonatc, 1-520, 1-650 
hydrogen phosphate, 1-526 
hydrogen sulfate, 1-504 
hydroselenate, 1-537 
liydrosulfute, 1-270, 1-500, 1-501 
hydrotartaratc, 1-521, 1-531 
livdroxido, 1-27, 1-73, 1-79, 1-86, 1-123, 
1-156, I-15S, 1-210, 1-215, 1-218, 1-219, 
1-234, 1-243, 1-244, 1-251, 1-257, 1-259, 
1-262, 1-271, 1-296, 1-324, 1-325, 1-326, 
1-336, 1-350, 1-351, 1-352, 1-356, 1-476, 
1-479, I-4S0, 1-492, 1-507, 1-515, 1-518, 
1 519, 1-525, I-52S. 1-529, 1-542, 1-546, 
1-547, 1-548, 1-559, 1-561, 1-571, 1-5S3, 
1-604, 1-618, 1-619, 1-625, 1-627, 1-642, 
1-645. 1-646, 1-653, 1-655, 1-656, 1-654 
iodide. 1-66, 1-67, I-S7, 1-88, I-8<), 1-90, 
1-91, 1-200, 1-204, 1-205, 1-213, J-214, 
1-231. 1-242, I-2S6, 1-306, 1-307, 1-308 
metal, 1-358, 1-359, 1-360, 1-637, 1-639, 
1-640, 1-377. 1-394, 1-412, 1-649, 1-657 

monobroinide, 1-201 
monocliloride, 1-287 
monosulfide, 1-4S3 
monoxide, 1-411 
napidhenate, 1-487 
nitrate, 1-70, 1-71, 1-189, 1-133, 1-401 
nitride, 1-24, 1-69, 1-94. MU), 1-111, I-H2. 
M13. 1-115, 1-212, 1-364. 1-365, 1-366, 
1-367, 1-413, 1-42/, 1-553, 1-121 
oxitle, 1-35, 1-30, 1-42. 1-/4, 1-75, 1-96, 
M02. 1-119. 1-121, 1-147, 1-148, 1-202, 
1-211. 1-255. 1-258, 1-266, 1-272, 1-273, 
1-274, 1-357, 1-364, 1-430, 1-470, 1-181. 
I-49S. 1-500, 1-511, 1-540. 1-558, 1-578. 
1-597 

perchlorate, 1-233, 1-398, I-2S.S. M17 
phosphate. 1-238. 1-268, 1-269, M5I. 

\-o\2. I 626, 1 647. 1-618, I 6.52 
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phosphide, I-I49, 1-150, 1-152 
picrate, 1-435 
platino nitrite, 1-186 ' 
potassium sulfate, 1-509, 1-510, 1-543 
pyropliosphate, 1-533 
selenate, 1-550. 1-551 
seleiiide, 1-165. I-16G. 1-167 
sodium pyroj)hosphate. 1-477 
sulfate, i-54, 1-76, 1-338. 1-339, 1-429. 
1-446, 1-452, 1-154. 1-455, 1-535, 1-545, 
1-583. 1-659 

sulfide. 1-94. 1-159. J-160. 1-161, 1-162, 
1-163, 1-164. 1-363. 1-395. 1-403, 1-404, 
1-309, 1-342. I-36S, 1-373, 1-421, 1-487, 
1-491. 1-521 

( .Aluminum ) 

tellurlde, 1-7, 1-174, 1-175. 1-176, 1-555 

thioantimonate, 1-753 

thiocyanate, f-396 

thiophospliate. 1-151. 1-155 

titanide. I-IOI. 1-143 

trlansonic Iricldorido, 1-S 

trichloride. 1-875 

tungstate, 1-615 

vanadate. 1-275 

Ammonia, 1-335, 1-337, 1-340, 1-364, 1-653, 
1-654. 1-962 

Ainmooium acetate, 1-1371 
aluminate. 1-llG 

aluminum arsenotungstate, l-lNS 
aluminum sulfate. 1-543 
antimony fluoride, I-96I 
arsenate, 1-1050, MI96. 1-1235, 1-1417, 
I-14S0, I-I592, I-I595. 1-202S. 1-2029, 
1-2030, 1-2035 

arsefiite, 1-1351. 1-1461. M636, I-I637 
bromide. 1-3073 
ehloride. 1-3.30. 1-331, 1-1350 
ehloroplatinate, 1-334 
dihydrogen arsenate, 1-1985 
lluoaluminate. 1-463 
fluoantimonate, 1-973 
fluoriiie, 1-332 

hydrogen pyroaisenute, 1-1712 
hydrogetj thioarsetiato, 1-1381 
iodide, 1-1252 
iron nr.senate. 1-1SU6 
inelarsenite. 1-2040 
nikelo dithio oxalate. 1-2168 
nit rate. 1-700. 1-701 
iiit r(*prussi(le, 1-2251 


pyroarsenate, 1-1713 
strontium thio arsenate, 1-1483 
sulfate, 1-512, 1-515, 1-516, 1-627 
thioarsenate. 1-1351, 1-1354, 1-1480, 

1-1481, 1-1482, 1-1483, 1-1637, 1-1804 
thioarsenito, 1-1461 
trisulfide, I-10I5, M016 
Aniline, 1-1836. 1-1843, 1-1844, M846 
Antimonic acid, 1-711, 1-715, 1-716, 1-717, 
1-718. 1-721,, 1-722. 1-727, 1-1022 
Antimonio tartaric acid, 1-935 
Antimonious acid, 1-712, 1-714, 1-719, 
1-7210.1-722, 1-730, 1-900 
oxide, 1-660, 1-703, 1-704, 1-732, 1-733, 
1-734, 1-735. 1-737. 1-738, 1-741, 1-742, 
1-764, 1-775, 1-780, I-S03, 1-826, 1-835, 
1-836, 1-847, 1-975, I-9S0. 1-998, M002, 
M025 

Antimony ammonium sulfate, 1-953 
barium sulfate, 1-1018 
ealeium sulfate, I-lOl!) 
einnal)ar, 1-839 
dioxide, 1-769. 1-977 
hydroxide, 1-781 

metal. 1-609, 1-694, 1-724, 1-740, 1-743, 
1-744, 1-751, 1-801, 1-815, 1-817, I-8I0. 
1-846, 1-848, I-S49. 1-850, 1-875, 1-887, 
1-901, 1-907. 1-921, 1-922, 1-923, 1-924, 
1-930, 1-933. 1-936, 1-970, 1-971. 1-972. 
1-984, 1-985, 1-987, 1-1000, 1-1012, 

1-1056 

nitrate, 1-761 
oxydisulfide, 1-745, 1-746 
pentabroniide Kthyl Ether, 1-762 
pentachloride, 1-729, 1-786, 1-789, 1-830, 
1-931. 1-942. 1-969. 1-988 
pentafluori de-nit rosy! fluoride, 1-891, 
J-892. I-S97 
pentasulfate, 1-1023 
pcniasulfide, 1-713, 1-722 
pentiodidc, I-S64, I-9I6 
pentoxide, 1-876, 1-956. 1-957, 1-958. 

1-959, 1-710, 1-721, 1-769 
phosphide, 1-799 
potassium fluoride. 1-726 
potassium sulfate. 1-053 
selenitie, 1-788, 1-829, 1-1029 
silver sulfate, I-92K 
socliuin sulfate. 1-953 
.strontium .sulfate*. 1-1024 
sulfate, I-95I. I-i)54 



NAMES 


no 


tartrate, 1-932 

tetrasulfidc. 1-753, I-75(i, 1-1(130, 1-1052 
tctroxidc, 1-976 
thiochloridc, I-S62 
thiophosphato, 1-841, 1-1005 
tribromide, 1-664, 1-805, 1-938 
trichloride, 1-691, 1-702, 1-705. 1-725, 
1-769, 1-770, 1-782, 1-784, 1-785, 1-786. 
1-787, 1-791. 1-765, I-S55, I-85S. 1-859, 
1-863, 1-865, 1-868, 1-869, 1-870. 1-871. 
1-873, 1-874, 1-877, 1-879, I-SSO. I-8S!. 
1-926, 1-927, 1-929, 1-937. 1-939, 1-940. 
1-966, 1-968, 1-974. 1-979, 1-986, 1-1004. 
1-1006, 1-1008, 1-1009, I-IOIO. 1-101 1. 
1-1173 

trifluoride, 1-894, 1-945, 1-946, 1-947 
triiodide. 1-771, 1-772, 1-773. 1-804. I-S69 
1-870, 1-912, 1-949, 1-962, 1-1013 
trioleate, 1-763 
trioxidc, I-138G 

trisulfide, 1-745, 1-752, 1-783, 1-784. 

1-786, I-S3I, 1-901, 1-905, 1-906, 1-101 1. 
1-1474 

.\i\timoiiyl bromide, 1-798 
chloride. 1-811, 1-819, 1-820. 1-823. 1-821. 

I-S25. 1-827, 1-832, 1-860. I-92i). 1-943, 
■ 1-980 

fluoride-sodium fluoride, 1-893 
iodide, 1-911 

sulfate, 1-1020, 1-1026, 1-1021. 1-1028 


tartrate, 

I -882 




Arsenic, 1-10-17, 1-1062. 1-1075. 1-1085. 

M107. 

1-1113, 

1-1114. 

I-1I32. 

1-1145. 

M173, 

1-1174, 

I-1I86. 

1-1 2(M). 

1-1209. 

1-1217, 

1-1218, 

1-1220, 

1-1221. 

I-I225. 

1-1234. 

1-1239, 

1-1244 . 

1-1246. 

M25S. 

1-1297, 

M301, 

1-1314, 

1-1357. 

1-1366. 

1-1367, 

1-1360. 


1-1389, 

1-1390. 

1-1391, 

1-1393. 

1-1431. 

1-1432. 

[-1435. 

I 1436. 

1-1446, 

1-1466. 

.1-1520. 

I-I601. 

[-1610, 

1-1622, 

M66I. 

1-1709, 

1-1726. 

[-18.83. 

1-2009, 

1-2045. 

1-2046. I 

-2019 


acid. 1-1237. 1-1262. 1-1302 

. 11303, 

1-1306, 

1-1307. 

M308. 

1-1309. 

I-131I. 

1-1329. 

1-1350. 

M4I1. 

I -1468, 

1-1510. 

[-1530, 

1-1574, 

I-157S, 

1-1583. 

[-1604, 

[-ItiOo, 

1-1614, 

1-1617, 

I 1618. 

1-1623. 

[-1626. 

1-1627, 

1-1628, 

MC2!). 

1-1630, 

[-1640. 

1-1641, 

M711, 

1-1037, 

1-1039. 

1-1067, 

1-1148, 

M160, 

1-1194, 

1-1203. 

[-1207, 

1-1211, 

1-1214, 

1-1215, 

M223. 

1-1229, 


1-1786, 1-1799. 1-1805, 1-1975. 1-1978, 
1-2017, 1-2018, 1-2026, 1-2027, 1-2037, 
1-2038. 1-2039 

Arsenic acid hydroxyl amine, 1-1699 
cyanide, 1-1077 
diliydride, l-Il 75 
diiodide. 1-1074, 1-1075 
disulfide, 1-1379. 1-1465, 1-1475, 1-1486, 
I -2008 

nitrate. 1-1165. 1-1261 
nitride. 1-1165, 1-1261 
oxycliloritle. 1-1061, 1-1075, 1-1161 
pentachloride, 1-1147, 1-1177, I-11S9, 

1-1404. 1-2007 • 

peiitafluoride. 1-1191 
pentafluoriile nit rosy! fluoride, 1-1188 
pentahydroxide, 1-1428 
pentaselenide, 1-1103, 1-1180, 1-1940, 

1-1955. 1-1956 

pentasulfuie, 1-1096, 1-1179. 1-1181, 1-1309, 


1-1407, 

M409. 

M410, 

1-1457, 

1-1714, 

1-1715, 

1-1799. 

[-1805, 

1-1935. 

1-1936, 

1-1948. 

1-1949, 

I -2007 , 

1-1666, 

1-1667, 

I-16(i8. 1 

1-1669. 1 

-167(1 



p(‘ntoxid<' 

. 1-1051. 

[-1061. 

1-1076. 

1-1080, 

I -lost). 

1-1199. 

1-1245, 

1-1262. 

1-1264, 

I - 1 267 . 

I 12IV8. 

[-1271, 

[-1281. 

1-1282. 

M2S3. 

1-12S4. 

1 1286. 

[-1291, 

1-1292, 

1 1294, 

M2!I5. 

1-1298, 

[-1304. 

1-1305. 

1-1312, 

1-1313, 

1 ■ 1 324 , 

[-1325. 

I-I326, 

I- 1328. 

1-1330, 

1 1331. 

1-1332. 

1-1334. 

1-1335. 

1-1336. 

1 - 1 337 , 

1-1339. 

1-1340. 

I-I341, 

1-1342. 

I -1343. 

1-1344, 

1-1349, 

1-1356, 

1-1368. 

[-1369, 

1-1373, 

1-1392, 

1-1417. 

1-1450, 

1-1455, 

1-1477, 

1-1590. 

1-1635. 

1-1673. 

[-1722. 

1-1936, 

1-2020, 

I -2048 





pltosphidr 

■. [-1241 





potassium fluoride. 1-1714, I-I190 
pyrosulfale. 1-1321 
sulfate, I -1321 
1 hiocvanate, 1-1171 
thiopliosphate. 1-1469 
trianiicle. 1-1165. 1-1167, 1-1252 
t ribrouiide . 1-1133, 1-12(2 
tribromid(> 1 riatnmoniat(\ 1-1122 
trichloride. 1-1051. 1-1059. I-lOtiO. 1-1061. 
1-1071. 1-1078. 1-1090. I-HUH. I lOtlS. 

1-1099, I IKK). I 1101. 1 1102. I 1105. 

I-llKo, 1-1186. 1-1275, I 127(;, 1-1277, 

1-1285, 1-1352, 1-1300, 1-1301, M370, 
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1-1382, 1-1383, 1-1385, 1-1387, 1-1388, 

1-1405, 1-1420, 1-1423, 1-1424, 1-1439, 

1-1440, 1-1441, 1-1442, 1-1448, 1-1449, 

1-1473, M492. 1-1591, I-167I, M912. 

1-1917, 1-2010, 1-2016, 1-2050 
trichloride hcptammoniate, 1-1166 
trichloride tetrammoniate, 1-1166 
trichloride triammoniate, 1-1104 
trifluoride, 1-1123, 1-1146 
trifluoride nitrosylfluoride, I-1I83 
trifluoride pentammoniate, 1-1182 


triimide, 

1-1165, : 

1-1260 



triiodide, 

, 1-1075, 

1-1225, 

1-1246, 

1-1258, 

• 1-1333, 

M3S0, : 

r-1454 



triiodide 

tetrammoniate, 

1-1253 


trioxide, 

1-1043, 

1-1044, 

I-I052, 

M06S. 

1-1086, 

1-1087, 

I-I08S, 

I-I092, 

1-1152, 

I-I17G, 

1-1187, 

1-1197, 

M227, 

1-1249, 

I-I2o9, 

I-I394, 

1-1406, 

1-1408, 

1-1410, 

M433, 

1-1437, 

1-1438, 

1-1453, 

M463, 

M584, 

1-1669, 

1-1684. 

I-I590. 

1-2046, 

1-2047, 

M716, 

1-1723, 

1-1757, 

I-175S, 

1-1761, 

1-1765, 

1-1766, 

1-1767, 

I-17GS. 

1-1769, 

I-I770, 

1-1773, 

I-I775, 

M780, 

1-1781, 

M967, 

1-2012, 

1-2013. 

1-2015, 

1-2023, 

T-2041, 

1-2042. 

1-2045, 

1-2046, 

1-2047 





triselenide. 1-1157 

$ 



trisulfide. 

, 1-1045, 

1-1046, 

M0i)3. 

1-1009, 

1-1154, 

I-l 155, 

1-1156, 

1-1255, 

M31C. 

1-1317, 

1-131S, 

1-1323, 

M379, 

M40S, 

1-1433, 

1-1434, 

M437, 

I- 1438, 

1-1507. 

I-162I, 

1-1669, 

I-I67I, 

1-1714, 

1-1755. 

1-1756, 

I-18{X), 

1-1803, ; 

1-1967, I 

-2036 

vapor, I-] 

1112 




Arscniousacid, 1-1031, 1-1032, 1-1048, 

1-1049. 

1-1128, 

1-1192. 

1-1193. 

M205. 

1-1212. 

1-1213. 

M216. 

M224, 

1-1239. 

1-1302. 

M310, 

1-1371. 

1-1429. 

1-1555. 

1-1579, 

1-1593, 

1-1602, 

1-1669, 

1-1672, 

1-1685. 

1-1714, 

1-1717, 

1-1754, 

1-1800, 

M803, 

M813, 

1-1942 




Arsine, M042, 1-105 

2, 1-1067 

. M06.S, 

1-1060. 

1-1070, 

M23I, 

M2.39, 

1-1242, 

1-1299, 

r-1310. 

M314, 

1-1451. 

1-1452. 

M661. 

1-1725. . 

1-1875, I 

-2019 




Arsine amide, 1-1121 
Azoxyl)enzcno. 1-18-16. 1-1849, 1-1850 


Harium acetate, 1-2359 
acetyl benzoate, 1-2378 


amide, 1-2304 

amino iso succinate, 1-2348 
antimonyl tartrate, 1-739 
arsenate, 1-1922 
m-benzoyl benzoate, 1-2381 
benzyl tartronate, 1-2223 
bismuth thiosulfate, 1-2707 
borotungstate, 1-2871 
bromofuroate, 1-2382, 1-2070 
butane sulfonate, 1-2383 
butenyl tricarboxylate, 1-2194 
cadmium thioglycolate, I-2I78 
carbonate, 1-2326 
cobaltous thioglycolate, 1-2179 
copper pyroarsenate, 1-1402 
coumarilate, 1-2224 
diheptyl acetate, 1-2172 
dithionate, 1-2371 
ethoxide, 1-2308 
ethyl phosphate, 1-2351 
ethyl sulfate, 1-2166 
ferrate, 1-2247 
ferrite, 1-2429 
formate, 1-2324, 1-2325 
gernianate, 1-2362 
heptyl acetate, 1-2395 
hexabromo azobenzol disulfonate, 1-2225 
hexamota phosphate, 1-2211 
hydrogen pyrophosphate, 1-2461, 1-2462, 
1-2203, 1-2204 
hydrogen sulfate, 1-2430 
hydrosulfide, 1-2356 
isopropenyl benzoate, 1-2220 
mercury pyroarsenate, 1-1411 
metaluminate, 1-2421, 1-20 
metasilicate, 1-2457 
methyl sulfate, 1-2361 
methyl tartronate, 1-2349 
1,8 naphthalene dicarboxylate, 1-2174 
naphthalene 1,4, 5, 8 tetra carboxylate, 
1-2173 

nitrate, 1-1510 

nitromonobromo cinnamate, 1-2396 
nonylenate, 1-2229 
oleate, 1-2226 

orthophenyl benzoate, 1-2144 

oxalate, 1-2527 

oxide, 1-19 

oxytetrolate, 1-2145 

parvolin dicarboxylate, 1-2146 

pentabromobenzene sulfonate, 1-2230 
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percarboiiate, 1-2319, 1-2320 
perchlorate, 1-2239 
periodate (basic), 1-2274 
periodate, 1-2297, 1-2317 
period© platinocyanide, 1-2407 
permanganate, 1-2170, 1-2280, 1-2369 
peroxide, 1-2400 
perthiocyanate, 1-2360 
phosphate, 1-2212 
platinate monohydratc, 1-2404 
potassium ruthenocyanide, 1-2456 
propionate, 1-2350 
p-n-propyl benzoate, 1-2147 
pulvinate, I-214S 
pyridine tetracarboxylate. 1-222S 
pyroarsenate, 1-1760 
pyrophosphate, 1-2205 
pyrosulfate, 1-2433 
rhodizonate, 1-2201 
selenide, 1-2449 
selenite, 1-2299 
sodium thioarsenate, 1-1933 
sulfate, 1-2401, 1-2403, 1-2435, 1-2437, 
I-48S 

sulfide, 1-2412 
sulfite, I-22I3 
tellurite, I-22I5 
teraconate, 1-2231 

tetrabromo azobenzol disulfoiiate, 1-2227 
tetrathionate, 1-2438 
thioarsenate, 1-1476, 1-1928, 1-1932, I-200G 
thiocarbonate, 1-2355 
thioglycollate, 1-2149 
thioorthophosphate, I-241S 
thiosulfate, 1-2419 
p-toluidine sulfinate, I-215t) 
triazoate, 1-2310 
tribromo acetate, 1-2962 
tribromobenzenc sulfonate, 1-2232 
tribromo furoate, 1-2222 
trithioarsenate. 1-1929 
uvinate, 1-2151 
Benzene, 1-223, 1-224. 1-1845 
Benzophenonc, I-5G5 
Benzophenone aluminum cliloritle. 1-562 
Benzoyl peroxide, 1-2322 
Beryllium perchlorate, 1-2240 
Beryllum ammonium arsenate, 1-1985 
arsenate, 1-1648, 1-1909, 1-1910, 1-1986. 
hydrogen arsenate, 1-1309, 1-1400, 1-1401, 
1-1648, 1-1649, 1-1987 


Betaine barium iodide, 1-2276 
Bismuth acetate, 1-2698 
arsenide, 1-1202, 1-1596 
metal, 1-2694, 1-2695,- 1-2703, 1-2705, 
1-2706, 1-2709. 1-2710. 1-2720, 1-2722 
monoxide, 1-2704, 1-2709, 1-2720, I-272G 
oxychloride, 1-2692. 1-2713, 1:2717 
peroxyliydrute, 1-2691 
phosphite, 1-2712 
potassium saccharate, I-2G85 
([uiniiie complex, 1-2597 
sulfate, 1-2723, 1-2729 
sulfide thioacetate, I-259S 
sulfite, 1-2718 
thiocyanate, 1*2701 
tlnoglycolatc, 1-2699, 1-2700 
trichloride. 1-2695, 1-2711, 1-2715, 1-2719, 
1-2724 

triiodide, 1-2696 

trioxide, 1-2693. 1-2724, 1-2725, 1-1271 
trisulfide, 1-2696 
tungstate, 1-2721 

Bis-dimethyl antimony oxide, 1-667 
antimony trisulfidc, 1-684 
m-Bismuthic acid, 1-2712 
Bismutliine, 1-2705, 1-2706 
Bismuthvl chloride, 1-808 
Boric acid, 1-732 
Boroditartaric acid, 1-2843 
Boron, 1-14 

amide, 1-2755, 1-2760, 1-2761, 1-2771 
arsenate, 1-1G02 

carbide, 1-552, 1-2753, 1-2794, 1-2S4S 

cetylate, 1-2799 

cyanate, 1-2751 

glyccrate, 1-2796 

imidc, 1-274S 

nitride, 1-2746, 1-2795, I-2S15 
sesqui borate, 1-2847 
trichloride, 1-1133 
(riduoride, 1-16 
trioxide, 1-262, 1-519 
Bromalalcoholate, 1-2057 
Bromine, 1-004. 1-1211 
Bromine from Bromides. 1-2931 
Bromoform, 1-2923, 1-2953. I-29C.6, 1-21198 
Bromoiodo etlianc, I-29G6 
Bromotrichloro metliano. 1-191 
Brucine antimony pentabromid(‘, 1-802 
fiuoantiinonate, 1-723 
Butane, 1-78 
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(‘acodylic acid, I-152o 
Cadmium, 1-41 

arsenide, 1-1057, I-105S. I-120G, M506 
chloride, 1-1578 
hydrogen arsenate, 1-1653 
pyroarsenate, 1-1654, 1-1950 
pyroarsenite, 1-1814, 1-1763 
Calcium aluminate, 1-378, 1-379, 1-382, 
1-385, I-42S, 1-571, 1-579. 1-601, 1-602 
1-641 

aluminum silicide, 1-160 

ammonium arsenate, 1-1576 

arsenate. I-1G50, 1-1652, 1-1924, 1-1900 

arsenate calcium hydroxide. I-J574 

arsenitc, 1-1278, 1-1860 

biborate, 1-2802 

carbide. 1-204. 1-205 

carbonate, 1-642 

copper pyroarsenate, 1-1402 

dithionate, 1-2430 

fluoarscnate, 1-1575. 1-1796 

fluoi)orate, 1-2773 

riuori{le, 1-638, 1-639 

hydrogen arsenate. 1-1573, I-I903. 1-2025 

hydroxoarsenate, 1-1651 

1 1 y d roxoa rsen i t e . 1-1270 

metaborate. 1-2773 

metarsenite, I-I270 

phosphide. 1-30 

sulfate. 1-492, 1-403, 1-404. 1 495, 1-584, 
1-617, 1-626 
.sulfite. 1-1572 
thioaluminate, 1-440 
thioantimonite. 1-984 
thioarsenate, 1-1572 
Calomel. 1-001 
Carbon. 1-213. I-2I4 
diehlorodifiuoride. 1-880 
disulfide, 1-1129 

monoxide, 1-395, 1-569. 1-649, 1-1275 
tetrachloride. 1-387 
tetraiodide. 1-311 
Carbottyl ehlorith', 1-570, 1-031 
sulfide, 1-374 

Ceric platinocyanide. 1-2405 
Cerium arsenate, 1-1655 
('erium trisulfate, 1-711 
(’esium hydroxide, 1-23-58 
sulfate. 1-586, I 1282 
trioxide. I-128I 
C’hlorine, 1-725 


Chloroarsinc imidc, 1-1163 
vinylarsine sulfide, i-15&4 
vinyldiehloro arsine, 1-1540 
(‘hromium. 1-45. 1-47 
aluminum silicide, 1-142 
arsenide, I-I062. 1-1063 
arsenitc. 1-1765 
boride, 1-46, 1-2736, 1-2757 
Chromium trichloride, 1-717, 1-1302 
trioxide, I-I286, M287, 1-1340 
Cobalt, 1-43 
aluminate, 1-388, I-3S9 
antimonide. 1-766, 1-767, 1-815, 1-816 
arsenate, 1-1960 

arsenide, 1-1140, 1-1150, I-I580, 1-1581, 
1-1582 * 

boride, 1-2735 

dichlorido, I-II40. I-1I50, 1-1583 
nitrate, 1-703 
pyroarsenite, 1-1815 
trichloride, 1-816, I-SI7 
trioxide, 1-704 

Cocaine lluoantimonatc, 1-723 
Copper, 1-50. 1-51, 1 52. 1-53, 1-206 
aluminate, /•541 
alumiiiide. 1-302 
arsenate. 1-1590, 1-1658 
arsenate, triammoniate, I-I586 
arsenide. 1-1064, 1-1208, 1-1209, M598 
metaborate, 1-2804 
metal, 1-1617 
pyroansenate, 1-1816 
pyroarsenite, 1-1766 
sulfide, I-9S5 

thioarsenate, 1-1588, 1-1945 
Iribromo acetate, 1-2963 
Cupric arsenate. 1-1293, 1-1961 
sulfide, 1-1587 

Cuprous oxide, 1-355, I-15S4, 1-1585, 1-1589, 
M291, 1-1294, 1-1295, 1-1872, 1-1292 
.sulfide, I-I874 
tetrathionate. 1-2136 
Cyanainide, 1-402 

Diantimony barium sulfate, 1-952 
calcium sulfate, 1-952 
strontium sulfate, 1-952 
Dibenzoyl peroxide, 1-2322 
Dibromo acetonitrile, 1-2956 
crotonic aldehj'dc, I-299I 
Xylenol sulfonephthalein, 1-2949 



NAMES 


779 


Dichlorodivinyl chloroarsino, 1-1135 
Dichloroelhylene, 1-879 
Diethyl aluminum iodide, 1-31 
ammonium arsenate, 1-1502 
Diethoxy chloroarsino, 1-1143 
Dihydroxy liuoboric acid, 1-2807 
Diiodoethyl arsine, 1-1793 
methane, 1-1841, 1-1973, I-I974 
N-Dimethylamino acetic acid hydro- 
bromide, 1-3032 

Dimethylantimony Iribromide, I-G06 
tricliloride, 1-671 

Dimethylantimonyl bromide, I-C68 
chloride, 1-672 
cyanide, 1-07S 
iodide, 1-681 

Dimethyl sodium stibinate, 1-683 
stibiuic acid. 1-6S3, 1-685 
Dimethylstibine bromide. 1-665 
si il)iiie chloritle, 1-677 
stibine cyanitle, 1-680 
stibine ioditle, 1-669 
Diphenylaiilimony I ricidoritle, I-S54 
Diphenyl arsenic trichloride, 1-1144 
arsine chloride, 1-1516, 1-1537 
arsine bromide, 1-1538 
arsine ioditle, 1-1517, 1-1539 
bismuth chloride. 1-1137 
chloroarsino, 1-1137, 1-1144 
cyanoarsine, 1-1534, 1-1560 
ethoxyarsine, 1-1532 
lead dichloride, 1-854, 1-1144 
stibine chloride, 1-814 
sulfone, 1-566 

o-Diphenylmethane-2-stibonic acid, 1-842 
Dipotassium chlorobismuthlte.. 1-2715 
hydrogen antimonale. 1-902 
Disilver antimony sulfate. 1-lOIS 
Dithionic acid. 1-2439 
Dithionous acid, 1-1717 
Dufrenoysite. 1-2021 

Kpliedrine livdrobromidc, 1-2987 
Ethanol. I^215. 1-1530, I-153I, 1-1560, 

1-1847, 1-1848, I-1S52 
Ethoxydichloro arsine, I-I16S 
Ethylene, 1-370 
Ethyl arsenate, 1-1U3S 
arsenite, 1-1033 
arsenic oxiile, 1-1793 
arsine dicldoride. 1-1529 


arsine oxide. 1-1528 

arsine sulfide, 1-1527 

ohloro arsenic sulfide, 1-1517 

dicldoro arsine, 1-1140 

other. 1-371. 1-805 

iodide, 1-1249 

mercuric chloride, 1-1140 

Ihioalcohol. 1-1888. 1-1889, 1-1892 

Ferric arsenate. 1-1659, 1-1741, 1-1742, 

1-1782. 1-1994. I-I996, 1-2002 
arsenite, I-17G7 
oxide, 1-419 

Fcrrousaluminum sulfate, 1-497 
arsenide, 1-1597 
sulfate, 1-61, 1-62, 1-63 
sulfide, 1-GO 
Fluosilicic acid, I-SS2 

(ladolinium ethyl sulfate', 1-2167 
(icrmanium, 1-64 
tctrahydrielc, 1-140 
(ilutaininy) monobromide'. 1-3049 
CJlycered sodium borate. 1-2866 
Glycine, 1-2352 
Gedd. 1-12, 1-92, 1-557, 1-2316 
arseniele'. 1-1236, I-I59S 
metal, 1-1267, 1-1268 
metarsenito, 1-1759 

Ilexachlore) ethane, 1-25 
Hydantoin propionyl bromide, 1-3050 
Hydrazine dichloratc. 1-2236 
hydrobromielc. 1-3020 
Hydrocyanic acid. 1-79, 1-1216 
Hydrogen. 1-478. 1-538 
bromide. 1-1203, I-129S. 1-1337 
chle>ridc. M2I2. I-i:21. M222, I 1268. 
I -1284 

disulfide, 1-1030 

iodide. I-8S. 1-956. I-I076. M223. 1-1224. 
1-1225. I 1226. 1-1227. I 1247. 1-1251. 

M303. 1-1330, 1-1331 1 1332. I 1331, 

1-1335. 1-1428, 1-1455. M877, 1-1635, 

I - 1 686 

se'lonielc. 1-547. 1-548 

sulfide, 1-378. l-47il. 1-480. 1-481, I-lOll, 
1-1030. 1 1233. 1-1151. i-Il52. 1-1153, 

I - 1 799 

te'lluridc, I-5;>6, 1 ! .>.)'.) 

tiinitiidf'. 1-798 
lly[) 0 |)lieisplmtuU-< a« id. 1 <>92 
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Iodic acid, 1-1215 

Iodine, 1-317, 1-507, 1-719, 1-858, 1-859, 
1-926. 1-927, 1-1077, 1-1212, 1-1228, 
1-1255, 1-1623. 1-1625, 1-1684, 1-1685. 
1-1717, 1-1912, 1-2040 
inonochlorido, 1-1160. 1-1312, I-1G04 
Iridium arsenide, 1-1078 
Iron, 1-57, 1-58. 1-59 
aluminide. 1-55, 1-56 
arsenide, 1-1065, 1-1066, 1-1210 
boride, 1-2737 

Jordanite, 1-2036 

Lanthanum hydrogenarscnite, I-I631 
Lead, 1-29, M56, 1-157, 1-158, 1-159 
arsenate, I-I919, 1-1923, 1-1988, 1-1989, 
1-1990. 1-1991. 1-1992, 1-2028, 1-2035 
arsenide, M094, I-I201, 1-1205, 1-1596 
arsenite, 1-1371, 1-1773, 1-1825 
bromide, 1-2988 
chloride, 1-1604, 1-2037, 1-2040 
diphenyldichloride, 1-814 
hydrogen arsenate, 1-1262, 1-1785, 1-1786, 
1-2000, 1-2001, 1-2022 
hydroxoarsenate, 1-2024 
metal. 1-1205, 1-2023 
metarsenate, J-1421, 1-1422 
metarsenite, 1-1372, 1-1374 
pyroarsenate, 1-1707, I-170S, 1-2034 
pyroarsenite, 1-1761 
(hioarsenato, 1-1752 
tribromo acetate, I-296S 
Lithium aluminate. [-408, 1-623 
alumitjum silicate. 1-409. [-110 
ammonium, 1-777 
antimonide. 1-777, 1-77S 
arsenide, 1-022, I-IOSI 
liromidc, 1-803, I-SO-1 
chromite, 1-587, I-oSM 
fluoaluminate, 1-460 
hydrogen aluminate. 1-509 
liydrogetj mctaluniinate. 1-103, I -104. 
1-2.50 

inctabronu) antimonute, 1-796 
metachloro antimoiiate. 1-8.33 
metar.senite. 1-1347 
nitride, 1-924 

orthothio antinionite. I-7-t-S 
parathio tint iinonite. 1-747 


thioantimonate anhydrous, 1-750 
thioantimonate decahydrate, 1-749 
thioantimonite, T-995 

Magnesium ammonium arsenate, 1-1694 
M697 

arsenate, 1-1791 , 1-1794 
arsenite, 1-1770 
boride, 1-2759, 1-2811, 1-2812 
hydrogen arsenate, 1-2025 
hydroxide, 1-583 
metarsenite, 1-1348 
sulfate, 1-511, 1-512 
thioarsenate, 1-1479 
trithioarsenate, 1-1479 
Manganese aluminide, 1-105, 1-106, M07, 
1-108 

arsenate, 1-1820, 1-1916 
arsenide, 1-1082, 1-1083 
boride, 1-2739, 1-2814 
dichloride, 1-718, 1-959, 1-1349 
dioxide, I-I343 
hydroxide, 1-583 
monoxide, 1-958 
pyroarsenate, 1-1304, 1-1722 
sulfate, 1-1022, 1-1023, 1-1344 
tetrarsenite, 1-1771 
thioarsenite. I-I751, 1-1790 
Irioxide, 1-902 
Manganic arsenate, I-I721 
Manganous hydrogen arsenate, I-I798, 
1-1695 

sulfate, 1-1629, 1-1630 
Mercuric arsenate, 1-1681, 1-1915, 1-1977, 
1-1998 

arsenite, 1-1327 
cyanide, 1-1324 

pyroarsenate, 1-1913, 1-1676, 1-1682 
thioarsenate, 1-1950 

.Mercurous arsenate, I-I677, 1-1678, 1-1683, 
I-1S18, 1-1914 

chloride. 1-714, 1-1217, 1-1218, 1-1221, 
T-1329 

metarsenite, 1-1769 
pyroarsenate. I-I680 
pyroarsenite. I-176S 
tribromo aeetate. 1-296.5 
Mercury. 1-78. 1-80. 1-81, 1-83. 1-84, 1-85, 
1-86, I-12S 

arsenide. T-1219. 1-1220. 1-1222, 1-1.594 
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dichloride, 1-1637, 1-1622 

metal, 1-770, 1-1216, M324, 1-1325, 1-1326 
1-1328, 1-1329, 1-1724 
Metapyroarsenic acid, 1-1718 
Methane, 1-1847, 1-209, 1-210, 1-211 
Methoxy benzophenone aluminum chloride 
1-564 

diphenyl sulfone, 1-568 
Methylamine pyroarsenate, 1-1713 
antimonj'^ tetrachloride, 1-673 
Methyl arsine dichloride, 1-1524 
arsine sulfide, 1-1523 
benzophenone aluminum chloride, 1-563 
bromide, 1-665, 1-670, 1-680 
chloride, 1-232 
diphenyl sulfone, 1-567 
iodide, 1-682 
iodoform, 1-314 
stibinc bromide, 1-670 
stibine dibromide, 1-666 
stibine dichloridc, 1-676 
stibine diiodide, 1-674, I-6S2 
stibine oxide, 1-674, 1-676 
stibine sulfide, 1-675 

6-Methyl Kynurenic acitl hydrobromido, 
1-3033 

Methylene iodide, I-IS39 
Molybdenum arsenide, 1-1084 
blue, 1-1802 
pentoxide, 1-1234 

Monothioarsenic acid, 1-1587, 1-1667, 1-1668, 
1-1669, 1-1671 

Neodymium dichloride, 1-144 
Nickel aluminide, 1-145, 1-146 
antimonidc, 1-779, 1-840 
arsenate, 1-1706, 1-2013, 1-2015 
arsenide, 1-1085. 1-1160, 1-1238, 1-1597, 
1-2011 

arsenite, 1-824 
boride, 1-2735 
dichloride, 1-2016, 1-2017 
hydrogen arsenate, 1-1705 
hydroxo arsenate, 1-1018 
monoxide, 1-2014 
tetrarsenite, 1-1740, 1-1772 
m-Nitro benzophenone. 1-632 
p-Nitro benzophenone, T-631 
Nitrogen, 1-341, 1-342, 1-313, 1 805, M612 
in-Nitro inethoxv benzo[)henone, 1-635 


p-Nitromethoxy benzophenone, 1-636 
m-Nitromethyl benzophenone, 1-633 
p-Nitromethyl benzophenone, 1-634 
Nitroprussic acid, 1-2249 
Nitrosyl fluoborate, 1-2779 
Nitrosyl fluoride, 1-891, 1-1183, 1-1188 

Osmium, 1-131 

Palladium arsenide, 1-1078 
diarsenite, 1-1774 
metal, 1-1036 
Paris Green, 1-1616 
Pentathionic acid, 1-2269 
Peroxy disulfuric acid, 1-2445, 1-2446 
Phenylamine boron bromide, 1-2744 
Phenylarsine dichloride, 1-1515, 1-1516, 

1-1521 

borate, 1-2798, 1-2827 
carbon trifluoride. 1-881 
chloride, 1-694 

dichloroarsine, 1-1136, 1-1137 
dimethylaini no-hydrochloride, I-157I 
Idienyl dimethyl antimony dichloride, I-60G 
ethoxy chloroarsine, 1-1535 
iodide, 1-690, 1-1842 
tliioarsine, 1-1536 
triborato, 1-2750 
Phosphine, 1-149, I-8G9, 1-2019 
Phosphoric acid, 1-687, 1-735, 1-2018 
Phosphorus, 1-40, 1-132, 1-869, 1-1090, 

1-1092, 1-1093 
arsenide. 1-1240, M241 
oxychloride, 1-1370, 1-1420 
pentachloride, 1-868 
pentafiuoride, 1-1185, 1-1189 
pentoxide, 1-375, 1-2020 
trichloride, 1-153, I-7S2, 1-1091, 1-1242 
trifluoriile, 1-1184 
Platino cyanic acid, 1-2406 
Platinum arsenide. 1-1078, 1-1095, 1-2042, 
1-2043 

diarsenite, 1-1775 
metal, 1-2041 
Potassium, 1-597 

ahiminatc, 1-99, 1-137. I-13S, 1-139, M 40. 
1-340, 1-405. 1-459, 1-598. 1-003. I (109. 
1-613, 1-619 
aluinino oxalate. 1-471 
aluminosilicate. 1-609. 1(110 
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aiuinino tartrate, 1-172 
aluminum oxalate, I-Oo. 1-215 
aluminum tartrate, 1-5% 
ammono aluminate, I-lOO, I-II4 
antimonate. 1-724, I-9D1 
Potassium antimonite, 1-991 
antimony thiosulfate, 1-832 
arsenate, 1-1034. 1-1035. I-I036, 1-1079, 

1-1457, M4K5. 1-1585. 1-15^4. 1-1589, 

I-16S9. M7I7. 1-1723. I-I724. 1-2052 

arsenic thiosulfate, 1-1159 
arsenide, I-I231. 1-1599 
arsenite, I-I127. 1-1232, M458. 1-1585, 

1-2014, 1-2019 

barium thioantimonate, 1-661 
barium thioarsenate, 1-1511 
bismuth hexathioeyanate, 1-2702 
l)ismuth thiosulfate. 1-2714 
bromide, 1-830. 1-957 
cadmium arsenate. I-I739 
chloride, 1-1036, I-I339. 1-1340. 1-1342 
cobalt arsenate. 1-1740 
cyanide, 1-92 

dihydrogen ferric arsenate, 1-1660 
dithio arsenate, 1-1478 
dithio arsenite. 1-1458 
ferro cyanide. 1-99, 1-141 
tiuoaluminate, 1-406, 1-407, 1-458, 1-475. 

1-505, I -,508 
fluoride, 1-607, 1-728 

hydrogen arsenate, I-I214, I-122S, 1-1230, 
1-1686, M687, 1-1688 
hydrogen arsenite. 1-1625 
iodate, 1-1229 
iodide. M22S 
lead (hioarsenite. 1-1753 
magnesium arsenate, 1-1745 
manganese arsenate. I-174G 
manganese thioarsenite, 1-1750 
metaborate. 1-2793, 1-2844 
metarsenite, 1-1338, 1-1460 
mon(» thioantimonate. 1-991 
nickel arsenate. 1-747 
nitrate, 1-553. 1-724. 1-730 
nitropiussitle, 1-2250 
pyroantimonate. 1-774 
selenoarsenitc, I-149S 
stannate. 1-1391 

sulfate. 1-617, 1-022, 1-1022, 1-1023, 1-1026 
tartrate, 1-736 
thioantimonitc. 1-094 


thioarsenate, 1-1478, 1-1485, 1-I735. 1-I736 
1-1737, 1-1787, 1-1788 
thioarsenite, 1-1233, I-I458 
thiosulfate, 1-745 
titanate, I-56I 
trithionate, I-I7o5 
zinc arsenate, 1-1748 
Pyridine boron bromide, 1-2745 
Pyroantimonic acid. 1-758, I-8G1 
Pyroarsenie arid, 1-1792, 1-1962, M963, 
1-1904 

Pyrogallol bismufli, 1-2614, 1-2655 
Quinine, 1-1851 

antimony pentabromide, 1-802 

Khodium arsenide, 1-1078 
Rubidium antimony thio sulfate, 1-832 
arsenate, 1-1376 
bromale, 1-659 
rtuoantimonate, 1-973 
hydrogen arsenate, 1-2044 
metarsenite, 1-1376 
pyroarsenate, 1-2044 
Ruthenium arsenide, I-107S 
tetroxide, T-2411 

Scheeles green, 1-1296 
Selenium, I-16S. 1-549, I-I105, M387, 
1-1492 

disulfldc, 1-241 
metal, 1-789. 1-845 
oxybromide, 1-3063 
oxychloride. 1-1387 
Silicic acid. 1-1366 


Silicon dioxide, 1-273, 1-274 
tetrafluoride, 1-607, 1-1186, 1-1187 


Silver, 1-3, 

1-4, 1-5, 

1-6, Ml 

7 


acetviide. 

, I-I037 




antimonide, 1-760 

. 1-899 



arsenate. 

I-KM3. 

1-1577, 

I-lfr44. 

M738. 

1-1907. 

1-1921, 

1-1927, 

1-1931, 

M958. 

1-19,84, 

1-2005. I 

■1646 



arsenide. 

1-1192. 

MI95. 

I-119S, 

1-1504, 

I- 1505 





ansenite. 

1-1263. 

I-16(M). 

1-1727, 

1-1728. 

1-1757 






arsenate diammoniato, 1-1040 
arsenate tetrainmoniate, I-KMl 
arsenic disulfide, 1-I94I. 1-1944 
arsenic selenide, 1-1488 
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bromate, 1-2933 

bromide, 1-189, 1-1032. 1-1030. 1-2932 
1-2933, 1-2934, 1-2992, 1-3069 
chloride, 1-1183, 1-1188 
hydrogen arsenate, 1-1645 
Jiydroxide, 1-1034 
iodide, 1-1033, I-103ii 
mercurous arsenite, 1-1733 
metal, 1-724, 1-761, 1-898, 1-900. 1-1031, 


1-1034, 

1-1035, 

1-1036, 

1-1042, 

1-1044, 

1-1048, 

1-1050, 

1-1051, 

1-1192, 

1-1193, 

1-1194, 

1-1196, 

1-1592, 

1-1595, 

1-1605, 

1-1198, 

1-1265 

1-1199, 

1-1235. 

1-1245. 

1-1264, 


meta thio arsenite, 1-14-12 


oxide, I- 

1035, I 

-1044 




sulfide. 

1-1927 

, 1-1931. 1- 

1941, 

1-1942, 

1-2005 






thio arsenite, 

1-1045, I- 

1046, 

1-1441. 

1-1943 






Sodium aluminate, 1- 

1000, 

1-353, 

1-414, 

1-415, 

1-419, 

1-420, 

1-430, 

1-431, 

1-464, 

1-605, 

1-622, 

[-638. 

1-651, 

I-II7. 

1-120. 

1-124, 

1-125, 

1-126, 

1-127, 

M2S. 

1-130, 

1-267, 

1-595, 

1-619 





aluminum hydroxo malatc, 1-530 
aluminum silicate. 1-608 
aluminum sulfate. 1-536, 1-543 
aluminum tartrate, 1-532, 1-129 
ammonium arsenate, 1-1985 
antimonate, 1-731, I-IOOO 
antimonide, 1-903 
antimonite, 1-963, 1-999, I-IOOO 
antimony fluoride, 1-964 


antimony 

thio sulfate, I-S19, 1-838 

arsenate. 

1-1044, 

1-1072. 

1-1073, 

I -1265, 

1-1361, 

1-1360, 

1-1485, 

MS19. 

M638 

1-1823, 

1-1833, 

I - 1 835 , 

M836. 

1-1840 

1-1841, 

1-1842, 

I- 1843. 

I-I844. 

1-1845 

1-1846, 

I-I847, 

MS48. 

1-1849, 

1-1850 

1-1851. 

1-1832, 

1-1852, 

MS53. 

I -1854 

I-1S55, 

1-18.56, 

I - 1 857 , 

I -1859. 

M88I 

1-1882, 

1-1884, 

1-1885, 

MS86. 

M887 

M88S. 

1-1889, 

1-1890. 

1-1891 . 

M892 

1-1899, 

M90I . 

1-1906, 

1-1926, 

I 1938 

1-1968, 

M973. 

1-1974. 

1-2003, 

M969 

1-1800, 

1-1861, 

MS62. 

M863. 

I-lMtH 

I 1865, 

1-1866, 

1-1868, 

1-1870, 

I 1872 

1-1876, 

1-1877, 

1-1879, I 

-1880 


arsenide, 

I-15‘)9 





arsenite, 1-1287, 1-1360, 1-1499, 1-2051, 
1-1822, 1-1952 
benzoate, 1-1845 
carbonate, 1-1273 
bismuth thiosulfate, 1-2732 
bismuthyl saccharatc, 1-2697 
bromate, 1-655 

bromide, 1-655. 1-657, 1-809, 1-807. 1-2937, 
1-2948, 1-2995. 1-3003, 1-3008. 1-3009, 
1-3021, 1-3024, 1-3045, 1-3072 
chloride. 1-1394. 1-637. I-(>44. 1-653 
cyanide, 1-1863, 1-1864 
dihydrogen ferric arsenate, 1-1660 
diiodomethyl arsenite, 1-1840 
dithio arsenate, 1-1951 
duo aluminate, 1-264. 1-122, 1-433 
fluo antimonate, 1-759 
fluoborate, I -2842 

hydrogen arsenate, 1-1305, 1-2031, 1-2033, 
1-1702, 1-1925, 1-2004, 1-2024 
hydrogen arsenite. 1-1362 
hydroxide, I-&45. 1-640, 1-017 
hypobromite. 1-656 

iodide, 1-731, I-IOOO, 1-1072, 1-1073, 

M336, M356, 1-1499 
magnesium arsenate, 1-1794 
meta borate, 1-2788, 1-2865 
metal, 1-649 
metantimonato. 1-1007 
metarsenite, 1-1361, 1-1363, 1-2051, I183S, 
M979 

meta thio antimonite, 1-754 
methyl arsenite, 1-1858, 1-1968 
ortlio borate, 1-2817 
oxalate. I-I069, M299. 1-1452 
per borate, I-2S67 

potassium tartrate, 1-731, 1-732, 1-733. 

1-734. 1-735, 1-737, 1-738, 1-742 
pyro arsenate, 1-1359, 1 1972 
pyro arsenite, I-I9SI 

selenide, I-15(X). I-l.}()2, 1-1503. I-l.’KJl 
.selenium tliM) arsenate, 1-1500, I-150I, 


1-1502, M505. 1-1506 
selenium arscMiale. 1-1505, 1-1904 
scIjujo ars»*nate, 1-1495, 1-1496 
soleno t liio nr.'''etiate, 1-1489, 1-1490, 1-1491 
suliule, I 493. 1-517, I-51S, I-.522, 1-525, 
I 526, I 527. I 528, 1-529, 1 532, l-.''.35. 
1-546, I 14ti5 


sulfid.*. 1-998 


Inrtr.ntr, I 736 
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thio aluminate, 1-369, 1-465 
thio antimonate, 1-1007 
thio antimonite, 1-752, 1-999, I-IOOO, 
I-lOOl 

thio carbonate, 1-1867 


thio arsenate, 

1-1500, 

1-1503, 

1-1506, 

1-1572, 

I-I822, 

1-1823, 

1-1367, 

1-1432, 

1-1484, 

1-1485, 

1-1830, 

1-1834, 

1-1837, 

1-1854, 

1-1869, 

1-1934, 

1-1938, 

1-1874, 

M878, 

1-1893, 

1-1894, 

1-1895, 

1-1896, 

1-1897, 

1-1898, 

1-1900, 

1-1901, 

1-1903, 

1-1904, 

1-1905, 

1-1930, 

1-1867, 

1-1983, 

1-1982 





thio arsenite, 

M440, 

1-1466, 

1-1499, 


1-1822 

trinitride, 1-1885 

tri thio arsenate, 1-1266, 1-1430, 1-1445 
zinc thio arsenate, 1-1954 
Stannovis chloride, 1-791 
Stibine, I-76S 

Strontium aluminate, I-I72, 1-173 
copper pyroarscnate, 1-1402 
hydrogen arsenate, 1-1426, 1-1427 
mercury pyroarsenate, 1-1411 
tetra arsenite, 1-1778 
Strychnine fluoantimonate. 1-723 
Sulfur dioxide, I-49S, 1-960, 1-974. I-UK)3, 
1-1009, I-lOlO, I-lOll. I-96G, 1-968 
monobromide, 1-3025 
monochloride, 1-786, 1-969, I-lOlO, I-llOO, 
M473 

tetrabroinide, 1-3054 
trioxidc, 1-541, 1-975, 1-1025 
Sulfuric acid, 1-502, 1-503, 1-506, 1-537, 
1-659 

Tantalum pentachloride, 1-284 
Tartar emetic, 1-885 
Tartaric acid, 1-521, 1-730, 1-743, 1-744 
Tellurium. 1-177 
arsenide, 1-llOS, 1-1109, I-lllO 
tetrachloride, 1-847, I-1I76 
thioarsenate, 1-1487 
Tertiary ethylamine, 1-326 
Tetra boric acid, I-290I, 1-2904 
chloroethane, 1-855, 1-874, 1-878 
chloroethylene, 1-312, I-3I3 
ethyl ammonium bromide. 1-3008, I-301C 
methylammonium fluoantimonate. 1-728 
mcthvl antimonv iodide. 1-669 


propyl arsonium iodide, 1-1055, 1-1127 
thionic acid, 1-1323, 1-1429, I-19I7 
Thallium aluminate, 1-178 
monochloride, 1-693, 1-694, 1-1521, 1-1522 
Thio arsenic acid, 1-1667, 1-1946, 1-1947 
cyanic acid, 1-1128, 1-1830, 1-1861, 1-1865, 
1-1872, 1-1882 
cyano-acetone, 1-2420 
sulfuric acid, 1-737 
Tin arsenate, 1-1777 
arsenide, 1-1106, I-1I07 
arsenite, 1-1826 
dichloride, 1-846 
disulfide, 1-1154 
tetraarsenite, 1-1776 
tetrachloride, 1-1174, 1-1175, 1-1389, 

1-1390, 1-1475, 1-1486, 1-1709, 1-2045 
Titanium arsenate, 1-1779 
dioxide, 1-1177 
hydroxide, 1-560 
sulfate, 1-560 
tetrachloride, 1-720 

Tri alpha-naphthyl antimony dichloride, 
1-699 

alpha-naphthyl stibine, I-8I0 
arsenic oxide, 1-1559 
chloro trivinyl arsenic dibromide, I-154I 
bromo acetic acid, 1-2958, 1-2959 
bromoaniline, 1-2927 
ethoxy arsine, I-1I18 
ethylamine boron bromide, 1-2746 
ethyl borate, 1-2827 
hydroxy arsonium nitrate, 1-1543 
metatolyl arsine, 1-1162 
methyl antimony cyano-bromide, 1-662 
dibromide, 1-663 
dichloride, 1-663, 1-687 
dihydroxide, 1-688 
diiodide, 1-663 
hydroxo bromide, 1-679 
hydroxo chloride, 1-686 
Tri methj’I arsine, I-I117, I-1I41 
methyl arsenic selonide, 1-1104 
arsonium iodide, 1-1542 
-m-tolyl antimony dichloride, 1-834 
-m-xylyl antimony dibromide, 1-695 
-m-xylyl stibine, I-S06, 1-807 
phenyl antimony dichloride, 1-1145, 1-689, 
1-691, 1-692, 1-693 

phenyl antimony hydroxo iodide, 1-690 
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phenyl antimony liydroxo nitrate, 1-690 
phenyl arsenic bromide, 1-1514 
phenyl arsenic dichloride, 1-1522 
phenyl arsine, 1-1056, I-llOS 
phenyl arsine bismuth chloride, 1-1518 
oxyiodide, 1-1519 
phenyl phosphine, 1-1520 
phenyl stibine, 1-806, I-8aS 
Tri propyl aluminum, 1-30 
arsine, 1-1127, 1-1178 
vinyl arsine, 1-1135, 1-1558 
Tungsten arsenide, 1-1084 
dioxide, 1-184 
oxide, 1-1244 
trioxide, I-70S 

Ultramarine blue, 1-354 
Uranium, 1-179, 1-180 
phosphide, 1-181 
tetroxide, 1-1780 
Uranyl arsenate, 1-1710 
diarsenite, 1-1780 
potassium arsenate, I-I692, 1-1693 

Vanadium, 1-183 
aluminum silicide, 1-182 


pentoxide, 1-1392 
Vinyl bromide, 1-3003 
Vitamin-A-antimony trichloride, 1-851 

o-Xenyl diazonium antimony tetrachloride 
I -809 

o-Xenyl stibonic acid, 1-809 

Zinc, 1-136, 1-185 
antimonide, 1-792 
arsenate, 1-2052 
arsenide, 1-1111 

arsenitc, 1-1394. I-I39E, 1-1781, I-I828 
bromide, 1-2990, 1-3006, 1-3007, 1-3010, 
1-3013, 1-3014, 1-3029 
bromo ethylate, 1-3012 
ethyl bromide, 1-3011 
hydrogen arsenate, 1-1711, 1-1801 
metal. 1-1393 

metarsenite, 1-1395. 1-1307, I-139S, t-1603 
-sulfate, 1-1(M2 
totrathio antimonate, 1-757 
lliioarsenate. 1-1953 
Zirconium boride, 1-2741 
iodide (basic). 1-2275 
(ribromide, 1-186 


Formulas 


Ag, M, 1-2, 1-1194, 1-724, 1-898, 1-1031, 
1-1036, 1-1042, 1-1034. 1-1044, 1-1048. 

1-1050, 1-1051, 1-3, 1-4, 1-6, 1-117, 1-1035, 
1-761 

AgAsSa, 1-1440, 1-1941 

AgBr, 1-189, 1-1039, I-‘2932, 1-2933, 1-2934. 
1-3069 

AgBrOa, 1-2933 
AgCl, 1-891 

AgHjAsO^, 1-1733, 1-1645 
Agl, M033, I-103S 
AgSbCLC.HiN, 1-706 
AgSbCl6-2XIL, 1-707 
AgjO, 1-2343, 1-1035, 1-1044 
AgjS, 1-2005, 1-1927, 1-1931, 1-1942 
AgjSo-4As,Sc3. 1-1488 
Ag2Sb2fSO04, 1-1017 
AgaAs, I-1I95, 1-1595 
AsaAs-SAgXOa. 1-1049 
AgsAsBrj. 1-1115, 1-1116 


AgjAsCb. 1-1130 

AgjAsOi, 1-1043, 1-1646, 1-1921, 1-2005 

Ag3As04-2Xil3. I-lOlO 

Ag3As04-4XII:,, 1-1041 

AgaAsS.i, 1-1046, 1-1045, 1-1943, 1-1040 

AgjSb. 1-700 

Ag4As3Si. 1 1440, 1-1439 

AgiAsS,. I-I441 

AgiAs\\\0,9. 1-1719 

Ag6As,.Mo70:.9. 1-1809 

AgeAs^O,, 1-1729, 1-1812 

Ag-.iAs-jS,;,. [-1443 

Al. 1-200. 1-204, i-205, 1-213, I 214, 1-231, 
1-242, 1-280, 1-308, 1-360, 1-657, 

1-639, 1-637, 1-640, 1306. 1-358, 1-359. 
J-377, 1-394, 1-412, 1-433, 1-307 
AlAsOj, I-175S 
AlAsOi, 1-1908, 1-517 
AlAsA'l.,, [-1!31. 1-1170 
AlAu, 1-9, Ml. 1 10 
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AlBr, 1-201 
AlBrj, 1-186 

AlBraBraC-HiBr-CS^, 1-196 
AlBrsHiO, 1-302 

AlBr^OCHr (AlBr,).- I 6 CH 3 OH, 1-194 

AIBrj-Br^-CS;. 1-190 

AIBr3-(C.H,),0, 1-193 

AlBr^PH,. 1-277 

AI(CX),, 1-79, 1-80 

AI(CXS),. I-39G 

A1(C, 04 ) 3 - BaXH,. 211,0. 1-300 

AI{C306H,-XH4-H,0), 1-346 

AUCaH;),, 1-30 

AKC^OtH^-XHw, 1-347 

AUCiHjO,),. 1-225, 1-344 

AI(C 6 HnOO,),, I-4S7 

AlCl. 1-287 

AICKOH)., 1-236 

A1(C104)3, I-68S 

Al(C!0,);r6H20, 1-233 

Al(C104)4Xal2II,0, 1-398 

AlCl.Br, 1-195. I-I96 

AlCl 2 {OCII,)-(AlCl ,)2 l 6 C'H,OH. I-22S 

AlClrOC,HT(AlCl,),-5r3H;OH. 1-228 

AlCl.OH. 1-237 

AlClr{SCl:.)rAlC!,. 1-294 

AICI 3 , M2. 1-25, 1-26, 1-66, 1-78. 1-84. 

1-06. 1-106. M08. 1-118. 1-153. I-1S5. 

1-196, 1-312. 1-314. 1-297. 1-360. 1-317. 

1-331. 1-372. 1-423, I-S75. 1-556, 1-557 
AlClrAgCl. 1-216 
(AlCBls-BaCl,. 1-217 
AICl3-2(CH3COO)aAl, 1-227 
(AlCl..)4-HgCI,. I-2S9 
AlClrKCl. 1-246. 1-247 
(Ain3)2-(KCl)4-2II-,0. 1-247 
AICl3-9XiI;,. 1-254 
AIC'l3XO. 1-260 
AlCl^-XaCi. 1-263 

\\C\rOC,HA\]CU)rlOC:H,OU, 1-228 

Al('l.rPH3, 1-277 

AlCh PdC’l,. I-27S 

AlMrPtC'I,. 1-279 

(Ain.,),-(Pt(’l,), •2111,0. 1-239 

AlCLS,. 1-292 

AlClj-SC'l,. I 293 

AIC’U-SC’U. 1-293 

A1C'1,-2S,C'1,, 1-280 

Aids- SO,. I-2S1, 1-282 

AlC'IvSiA'i^. J-167. I 168 

(.\ICl.,)4-3Zn('l,, 1-285 


AlCuj, 1-426 
AIFSO4, 1-495 

AIF3, 1-2772, 1-69, 1-97, 1-332, 1-468, 1-607 

AIF3-C0Fj-7H20, I-44I, 1-443 

AiF3FeF3-7H20, 1-444, 1-445 

AIF3H2O, 1-303 

AIF3-4KF, 1-304 

.\lF3-3LiF, 1-305 

AlFaXiFrTH^O, 1-467 

AIFaZtiFj^H.O, 1-468, 1-469 

AIH3. 1-1042, M052 

AII3. I -68 

Air3Al(XH3)3, 1-320 
AIl3(As..03)el8Hs0, 1-318, 1-1607 
All3-Hgt.-8H.O, 1-319 
AII.r6XH3, 1-321 
AllrPHa, 1-322 
AlMgSisOio. 1-323 
AIX. 1-70. M21 
AI(XO:)rXHK. 1-100, 1-114 
AI(X03)3, 1-4, 1-5, 1-72, 1-86, M23, M58, 
I-I89, 1-333. 1-553 
AKOIDCOj. 1-650 
AKOHlC.OoH^, 1-437 
AKOHlC.OcH*. 1-521, 1-531 
AIOH.SO4. 1-240 
AKOIDjBr. 1-302 

AI(0H)3. 1-2, 1-3. 1-5, 1-12, 1-52, 1-55, 1-83, 
1-85. I-I57. 1-177, 1-338, 1-353, 1-355, 
1-363. 1-500 

AKOlDrdHsO*. 1-432, 1-472 
AKOHl.dOJIrXH., 1-438 
AIS. 1-483 

AI(SbCU)3-I5H:0, 1-283 

AlSbS^. 1-753 

Al,Ba3(C,Oil6. 1-297 

AI.(('XO,.)4-Pt.rHiO, 1-486 

A1,.(C'0.i)3. 1-244, 1-350, 1-617 

AI.(C,04)3K2C.04(Xa,C204)i, 1-299 

AKCa-iOlKSiO*).!, 1-386 

Al.CliOH. 1-221 

AI.(C r.O?).!. 1-3 

AbF4S04. 1-493 

AI.Fs GXIBF, 1-462 

-\I.F«GXaF. 1-307 

A1,(IIP04)j, 1-526 

Al.Xa.S.Oj, 1-354 

AUO(COj)i, 1-255 

Ai.O^Cr.O;)^. 1-399 

AI.,0F4, 1-433 

.\l,(0(',IM3l-., 1-315 
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AI 2 O 3 , MO. 1-33. 1-37, 1-39. 1-40. 1-45. M«. 
1-48, 1-61, 1-02. MOO. 1-118. 1-132. M 70 . 
1-180, 1-141. 1-183. 1-200, 1-284. 1-337, 
1-341, I-,541. 1-552, 1-628 
Al-03(Cb;0,),.121l20. 1-620 
Al-Oa CrO,. 1-012. I-24S. 1-24!) 

Al .Oa- (GoOs)r3ILO, 1-265 
AlsO,-CHC\. 1-80 
AUOrOlLO, 1-522 
Al;0rMgC03-3H:0, I-6(K) 

Al,0.TNa;0, 1-554 

Al-OrSP.O.,. 1-348, 1-502, 1-503, 1-516 

Al30rS03-4lL0, 1-453 

AlsOift^Oi)-. 1-527. 1-538 

AI.03-2Si0,, 1-473 

AIAPO.!)*, 1-503 

AI 2 P 2 O 6 . 1-151. M55 

AIj(PtCl«)3, 1-334 

Al, 8 ;Cls. 1-290. 1-201 

AUS,. 1-18, 1-43, I-24I, T-200, 1-404, 1-421 

AIjSaC'rS, 1-44 

AlcSa-SMnS, 1-513. 1-514 

AliavSXa.S, 1-30!). 1-534. 1-375 

AUS3-3ZnS. 1-530 

Al-lSO*),. 1-650. 1-41, 1-62, 1-63, 1-64 

Al2(S04)3-3Alo(OH)6, 1-270 

AI,(\VO0.v8H»O, 1-615 

Al3(Co)2Cl,l. 1-316 

AI 4 C 3 . 1-358 

AI 4 CU 3 , 1-207, I-3!I2 

AI,Mn. I-CO 

Al,(011),or03ll:0. 1-520 
Al,(P»();)r(Xn.P=O:)r30ILO, 1-477 

AU\V. 1-118 

As. I-I2. MS. M(U7. 1-1132, M218, M234, 
1-1380. 1-170!), MSS3, I-IOOl, 1-2010, 

M062 

AsHn, M133 
AlBrvSXIL. MI22 
As{CX)3. M077 
As(CXS) 3. M171 
AsCMI.X'l,, 1-1140 
AsC.H,!,, 1-1703 
As{CMI,) 3 rtC'l,, I 1126 
As(CMM,. 11127 

AslCnlM:.. M17S 

A 8 CI 3 . M270. 1-1012, M054. 1-2050, 1-105!), 
I-I060. [-UM>1. M071, 1-2010. 1-2016 
\sCU C\U:. MI31 

AaC'U-3XH3. M164 

AsCl3-4XHi. M16G, I-2U10, 1-2016 


AsC'IswN’IL, 1-1166 
AsCIaS, 1-1170 
AsCItSSCU. 1-1447 
AsC'Is, 1-1147 
AsF,. 1-1123, M146 
AsF3-2KF. 1-1190 
ASF 30 XH 3 . 1-1182 
AsFi-KF, 1-1744 
AsFi-XOF. 1-1183, 1-1188 
AsIUIksCI-., M219 

AsIL, M067, M068, 1-1069, 1-1070, 1-1298, 
1-1366. 1-1451, M 66 I, I-1S75, 1-2019 
AsHK3ri3, M222 
AsL, 1-1074 

A.SI 3 , I-I333, M380, M454 

Asl3*4XIl3, 1-1253 

AsL-SSs. M256, 1-1257 

AsT.in, 1-022 

AsX, M165, 1-1261 

As(XIM;. I-U21, M167, M252 

AsfOC.Hala, I-IUS 

AsOCla, M061 

ASOF 3 KF H 3 O, M743 

As(01I)3, M420 

As(OH)3. M42,S 

AsPS,. 1-1460 

AsS, 1-1007 

As(SrH,COOH) 3 lLO. 1-1274 

AsSI, M248 

AsScHr,. 1-1053 

AsS^Cl,. 1-1507 

AsS.i. M434 

AsS.I;, M251 

AsTc. I-IIO!) 

As,n,. 1-1175. M23I. M230, M242 
As.HgK 1-1210, M222 
As.,1:. M075 
As.fXIIli. M2(H) 

As,03. 1-506. 1-1032. M043, I-10S6, 1-1087, 
MOSS, 1-2012. I-20I3. 1-2015, 1-2023 
As4>-S. 1-1445, M266 
As,()3-2Kr. M624. M73I, 1-1732 
(As,()i)-.-LiUr. 1-1346 
( As-jO.i )i( I^jO.s ); ■ 4 H-C ) . 1-1315 
As..(),-2S():. 1-131!) 

AsA).- 3S().. 1-1322 
As4)r4S(),, I 1322 
AM). SSO . 1-1384 

AsA):,. M05I, I 1076. I HWO, l-U)S!t, 1-10!)6, 
1-1424, 1-2020 

As-,0, ) , • (C’o( ) h • 3H , 0 , I - 1 656 
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(As 206)2* fMn0)6‘2H20, 1-1695 
As 205- (MoOa)!!' I 8 H 2 O, 1-1413 
As2O6-20MoO3-27H2O, 1-1416 
(As 206)2* (Ni0)6'3H20, 1-1706 
As20a(Se03)2(K20)2’3H20, 1-1691 
(As 205 ) 2 (Se 03 )io' {K 20 ) 7 - IIH 2 O, 1-1690 
As205(Se03)2((NH4)20)2-7H20, 1-1700 
As205(Se03)2(Rb20)2'3H20, 1-1674 
As 206'V206'11H20, 1-1675 
AsoOa- (W03)3- (Na2O)3-20H2O, I-1704 
AssOs- (WO)r (K 20 ) 3 - 3 H 20 , 1-1783 
As2(S04)3-S03, 1-1321 
AS 3 S 2 , 1-1465, 1-2008, I-1475 
AS 2 S 3 , 1-1099, 1-2015, 1-2021, 1-2435 
AS 2 S 5 , 1-1407, 1-1409, I-1410, 1-2007 
As2Sl4, 1-1247, 1-1444 
AsaSb, 1-2007 
AsaSes, 1-1157 

AssSes, 1-1103, 1-1180, 1-1940, 1-1955, 1-1956 

AsoTes, 1-1109, I-lliO 

AS4S5CI2, 1-1153, 1-1251 

AssTea, 1-1108, 1-1109 

Au, 1-92, 1-1267, 1-1268 

AuAs, I-159S 

AuAsOa, 1-1759 

AuCl 3 -BeCl:, 1-2483 

AuaAs, 1-12.36 

13, 1-2747, I-275S, 1-2763, 1-2764. 1-2777, 
I-2S00, 1-2811 

13Br3, 1-2733, 1-2772, 1-2805, 1-2819 
BBr^-AsIIj, 1-1201 
BBr 3 -.\CX, 1-2743 
B(C.n3)303. 1-2827 
B(C3lI,03), I-279G 
BC^OeHjC^OeHo. 1-2843 
BC’clIaO,, 1-2798, I-2S27 
BC, 611.330.., I-279D 
B(CXS)3, 1-2742 

BC'b, 1-1133, 1-2734. I-2H00, I-2S2I, 1-2.S22, 
1-2734. 1-2772, 1-2782, J-2803, 1-282(1 
BClrCICX, 1-2756 
BCI 3 XOCI, 1-2762 

BFa, 1-16, 1-2801. I-2S08. 1-2890, 1-2873 
BF 3 -XII,-„ I-277S 
BFlOin.-IIF, 1-2807 
BH-P...O,, 1-2809 
BH:,OK, 1-282S 

BX. 1-2746. 1-2795, 1-2815, 1-2832, I-2S49, 
I-2S5S 

B(XHo) 3 , 1-27.55, 1-2760, I-276I, 1-2771 


B(NC0)3, 1-2751 

B(0C2H6)3, 1-2780, 1-2785, 1-2797 
BOCI, 1-2752 

BfOH) 3 , 1-2749, 1-2754,' 1-2836, 1-2837 

B(0H)S04-S03, 1-2854 

(B0)KC204, 1-2875 

BO-OCaHs, 1-2786 

BPO 4 , 1-2825, 1-2824 

BS, 1-2840 

BaCs, 1-2794 

B2(C6H6)405, 1-2750 

BaHe, 1-2883, 1-2884, 1-2885 

B 2 (XH) 3 , 1-2748, 1-2771 

BzOPoOs, 1-2765 

B 2 O 3 , 1-262, 1-2764, 1-2770, 1-2769, 1-2783, 
1-2784, 1-2789, 1-2826, 1-2835, 1-2851, 
1-2870, 1-2889, 1-2905, 1-2909, 1-2916, 
1-2919, 1-2920, 1-414 
B 2 O 3 P 2 O 5 , 1-2766 
B..O 3 SO 3 . 1-2770 
B 2 S 3 . 1-2738, 1-2740 
nSo3, 1-2841, 1-28,86 
B3(C6Ha)05, 1-27.50 
B.iX, I-285S 
B304 - 00211:, I-27S5 
B 4 O, 1-2848 
B4U,o, 1-2790 
B.HolXlB, 1-2831 
BsOeCIj, 1-2752 
BsC, 1-552, 1-2753 
B.OnC’Ie, 1-2752 

Ba, 1-2058, 1-2302. 1-2312, 1-2372 

Ba(A102)2, 1-2421 

BafAI 02 ) 2 - 5 H 20 , 1-20 

BaAsiOr, 1-1760 

BaBiOy. 1-2872 

BafBrO)2, 1-2.346 

BalBrOsle, 1-2184 

BaBr;, 1-2346 

BaBr 2 - 8 XH 3 . 1-2001 

Ba(CH3-804)2. 1-2079 

Ba(CX) 2 . 1-2069, 1-2078, 1-2157, 1-2158 

Ba(CX)2-2AgCX. 1-2065 

Ba(CX)2-3Cd(CX),.. 1-2077 

Ba(CXh-2CuCX. 1-2078 

Ba(CX) 2 -XifCX) 2 . 1-2080 

Ra(CX) 2 -Pd(CX) 2 , 1-2001 

Ba(OX) 2 -Pt(CX) 2 . 1-2092 

BafCX) 2 -Zn{CX) 2 , 1-2096 

BafCXSK. 1-2185 

BaCXa, 1-2087, 1-21.58, 1-2159 
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BaCOj, 1-2412, 1-2413. 1-2431, 1-2451. 1-2060 
BaCO^, 1-2319, 1-2320 
BaCSa, 1-2355 
BaCa, 1-2086, 1-2306 

Ba(CiH 3 Br 2 COO)a, 1-2100 
Ba(C2H302)2, 1-2298, 1-2359 
BaCCjHaOs, 1-2308 
BaC2H5P04, 1-2351 
Ba(C2H6S04)r2H20, 1-2166 
BaCaNoSa-SHjO, 1-2354, 1-2360 
BaC204, 1-2290 
BaC204-PtCs04, 1-2301 
Ba(C6H304)2, 1-2009 

BaCflHc, 1-2201 

BaCCTHgOCOOla, I-213S 
BaCCiolUClNHCaHaOSOa)^. 1-2071 
Ba(CioH5ClNH=S03)2, 1-2072 

BaCla, 1-218, I-225S, 1-2271. 1-2088, 1-2080. 

1-2411, 1-2414, 1-2426, 1-2427 
BaCClOs)., 1-2230, 1-2323 
Ba(CI04)2, 1-2181, 1-2300 
BaCr04. 1-2186, 1-2202. 1-2-132 
BaCi-aO;, 1-2245 
HaCu{As,07), 1-1402 
BaCFSO.^}., 1-22-18 
BudVOala. 1-2420 
BaFeOi, 1-2247 
BaF-,, 1-2260, 1-2452, 1-2-153 
BaGeOa, 1-2362 
BallAsOaSlOH.O, 1-2006 
BaHCOaCCN),,, 1-2206 
Ba(HS):, 1-2256 
BaH(SCN)3. 1-2197 
Ban4Al(As04)3 H,0, M647 
Balls, 1-2055 
BaH2(S04)2. 1-2430 
Ba (H gljaaOiila, 1-23/0 
BadOs)^, I-218S, 1-2235, 1-2367. 1-2368 
Bals, 1-2332. 1-233-1. 1-2307. 1-2345. I-24.>1 
Bal- {As, 03)3-9H,0, I-160S 
Bal2-3Ba3(V04)s, 1-2273 
BaKlNHda, 1-2281 
BaK2Ru(CX)6. 1-2456 
BaK4Cn2(C'X),2, 1-2242 
Ba(Mn(),io, I-2I70. l-228(>. 1-2360 
BaCMB) , 1-2056, 1-2002. 1-2294. I 23(B 
Ba-6NH.4, 1-2057 
BaNK-2XIB, I-22S1, 1-2293 
Ba(NO-.)2 TlXO,. I-22S4 
Ba(X()3),.. 1-1510. 1-2415. I 24.59 
Ba(X3)2-HcO, I-23I0 


BaNaAsOaSe, 1-1939 
BaNa(P0,)3-4H20, 1-2208 
BaO, 1-2066, 1-2067, 1-2097, 1-2098, 1-2155, 
1-2162, 1-2287, 1-2314, 1-2318, 1-2341, 
1-2342, 1-2422, 1-2068, 1-2154, 1-2256, 
1-2285, 1-2315, 1-2317, 1-2434 
BaOAlsOa, 1-474 
Ba(OBr) 2 , 1-2346 
(Ba0)s-3B203-7H20, 1-2847 

(BaO) - (802)2 - (MoO 3 )s 10H2O, 1-2207 

(BaO)2-3Ti02, 1-2095 
BaO-ZnOa, 1-2376 

(Ba(0H) As02)2*2H20, I-1269, 1-1270 

Ba(OH)2, 1-2457, 1-2458 

Ba(OH)2Ba3Coj(CN),j, 1-2344 

BaOs, 1-2314, 1-2400 

Ba02-8H20, 1-2364, 1-2365 

BaOs-HjOs, I-232S 

BaOa, 1-2363 

Ba(P03)2, 1-2266. 2082 

BiuPS^).. 1-2418 

BaPt(CX)4Br2. 1-2407 

HaPt(C'XM,.. 1-2407 

BaS. I 2423, 1-2424, 1-2425, 1-2428, I-20S3 
Ba(vSH)., 1-2416 
BaBOa, 1-2187 
Ba(803F2)2, 1-2248 

BaS04, 1-2435, 1-1662, 1-2401, 1-2402, 1-2403, 
I-24I7, 1-2440, 1-2442, 1-2443, 1-2444, 

1-2445, 1-2447, 1-2460 
BaS-,03, 1-2419 
BaS.Oe, 1-2371 
BaSsOj, 1-2433 
BaS,Os-4H,0, 1-2447 
BaS^Oe, 1-2438 
BaSe, 1-2449 
Ba8p03H..0. 1-2190 
BaSeOj-SeO., 1-2298, 1-2084 
BaSeO*. 1-2291, 1-2448 
BaBiFc, I-21S0 

BaSiOa, 1-2300, 1-2313. 1-2457 
BuSi;. 1-2305 
BaWO,, 1-2872 

BaZn,(CH,S r()0)3-3H:0, T-22I6 
Ba.Al^Oa^n.O, 1-134 
Bad^Oa, 1-2300 

lia.LiA’o^CCX), 2-3011,0, 1-2243 
Ba. (XII, ) 2 -Co 2 (CX), 2-211,0, 1-2244 
Ba..P;07-2ll20. 1-2196. T-2205, T-2266 
Ba28i0,. 1-2094 
Ba3(AsO,')2, M922 
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Iia,(AsOS,)2. 1-1021) 

Ha,(AsSO,,)2, 1-1032 

1-1810 

Iia,fAsS,0,)2. I-102S 
Ha.As;S^-6II,0, 1-1300 

1-2707 

Bh.Co,(CX),., - 2011,0, l-2:)7G 
Ha.H.dOfi),, 1-2207 
BadU(FofAsO,),),. M6G0 
Ha NX. I-22G2. 1-2282 
HadPO,),. 1-2212. [-2273. 1-2330 
Ha.PsO,,, 1-2211 
Ha3(Sh(S30.-,)d2. 1-020 

Ba,(VO,)o. 1-2273 
lia:.(BW,-.04o),. 1-2871 
HaiH;(P,07)r5H,0, 1-2105, 1-2461 
Ha,(I06)=, 1-2270. 1-2274, 1-2277. 1-2317, 
1-2333, 1-2334, 1-2454. 1-2455 
Ha7H,(P,07)v5H20. 1-2462 
Ha9H,(P,O;l:.-0H,O, 1-2200. [-2210 
Ho. 1-2404, [-2501, [-2516, [-2523, I-2.>15 
HolM,. 1-24G3 

(HpHr.,l,-i5o(XlI,),-SNll,. [-2470 
lU-(CX),, 1-2507 
HcCO.!, [-2510 
HoCO,-3Bo(OHl,. 1-2520 
Ho(C:,H:.),. 1-2465 
Ho(C;H,0..)r [-2477 
BeC’,0.-2H,0. 1-2530 
BoC4H.Ofi-3H20, 1-2478 
HeC4H.O.Xa7C4H.Ofl, 1-2475 
Ho(C'IO,),.4H,0. 1-2.550. [-2560, 1-2240 
HoCl,. [-2.55S. [-2470. 1-2513. 1-2517. 1-2.526. 
[-2527 

He('l,-2((',1[,,),0, I-24M 
Hori,-2Xll,. [-2480, 2517 
Ho('l,-4XH,, [-2471 
HoC'l,P»lCl,-6H,0, 1-2.502 
HeCl, PtC'l. -011,0. I-240S 
Bo('I,Sn(’lr8lI,0. 1-2.526 
BoC'rO,. 1-2.500 
Bo('rO,-(lBo(OH)j. 1-2.503 
(lio('r(),),-lBcO),r23H-:0, 1-25G4 
BpI-’,. 1-2504. I 2.505. I-25IS. 1-2524 
BeK,-2Xl[.K. 1-2.547 
BoIlAaO,. [-1400, 1-1087, [-252S 
BpHPO.-3H:0. [-2405, 1-2520 
BpH,(AsO,)-:. [-1300. 1-1401 
Hp( [(),)-,, 1-2532 
BpI,, I -2460. 1-2575 
Hp1,-(As,0jI3-8H,0, [-1000 


Bclo.SXH,. 1-2508 
Bc(MnOi):, 1-2574 
HoMoO,BpO- 3II,0. 1-25.33 
HofXH.lXHK-XlU. [-2467 
Be(X!I.)o, 1-2407 
BpXHi.A'iOt Oll.O. [-1085 
BPXII 4 PO,. [-2500 

Be(XOn)r4HiO. 1-2534. 1-2.552, 1-2561 
BeO, 1-2408, 1-2474 
BeOBoSOn. 1-2535 
BpOBpSO,. 1-25.35 
He0-Mo0.r2H30. 1-2540 
(Be0),-(C>0d3-5H20. 1-253S 
(BcO).-.CO, -. 5 ^ 120 , 1-2400 
(BeO).,-SOn. 1-2573 

Be(OH) 2 , [-2486. 1-2401, 1-2402, 1-2493, 
1-2500. 1-2510. 1-2.553, 1-2582 
Be(PO.i) 2 , 1-2510 
BePdCIc 1-2555 
BpP(1CU-8HoO. [-2407 
HpPtn6-4H,.0. 1-25.50 
BpPtC’l«SH,.0. 1-2400 
BpS, 1-2472, 1-2500 
BplSCXlrllKlCXls. 1-2557 
BeSOr,-BpO. I -2.52 1 
BeSO»Bp)Oin, -2^1,0. 1-2503 
BpSOr4H,0. 1-2522. 1-2.536. 1-2481. 1-247.3 
Bp.SOr2XH,. 1-2568 
BpSO.rXH,),SO,-2H,0, 1-2570. 1-2.571 
BpS.Ofi. 1-2562 
I^pSpOi. 1-2537 
BpSiOi. 1-2.525 
lipSiOr2IIjO. I-2.5S() 

Bp(V():0,-4H/). 1-25.57 
Bp.C. 1-2512, 1-2464 
Bp.(nH)«{S04)s- 1211,0. 1-2570 
Bp,(r,II;.),- (SO, )s- 1211,0. I-257S 
Bp,C.O..H,XaOH. 1-2554 
Bp,C,OfiIIrXaOII. 1-2.5SI 
Bp,(OHI, C’,O.II,. I 2514 
BpdAsO.J,. 1-1986 
Bp,(AsO,J-, - 611,0. I-I(i4S 
Bp.i(AsO,i,-BpO sn,0. I-I0I() 

BoiflO..!,. I-24S2 
UpN';. 1-2400. 1-2.570. 1-2.577 
Bp,(OH),-r,(> 6 H,. 1-2515 
Bp, fPO.t, -411,0. 1-2406, 1-2511 
Hi. I-26f)5. 1-2617. 1-2622, 1-26.32, 1-2676, 
I-2G70. I-270S. 1-2800, 1-2606 
HiA-u 1-2630 
Bi.\s. M202. 1-1596 
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BiBra, 1-2585 
BiBrCIa, 1-2603 

BiCCsHNsSs).!, 1-2674, 1-2653 
Bi(C2H302)3, 1-2698 
Bi(C4H,03)N03-5H20. 1-2675 
BifCTHiXS.),. 1-2611 
Bi (CsHjXnSala, 1-2654 
BiCCsHjNsSjloCl, 1-2613 
BiCCsHtN 382)012* HjO, 1-2612 
Hi(Ci2H,oONS),. 1-2615 
Bi(CuH2304)3. 1-2656 
Bids, 1-2583, 1-2584, 1-2604, 1-2006 
BiCIa. 1-2587, 1-2592, 1-2605, 1-2606, 1-2676, 
1-2686, 1-2710, 1-2724, 1-2727 
BiCl3*2C4H:.X3S2-2H20, 1-2610 
(BiCUL-aCsCl. 1-2616 
BiCl3*2XH3. 1-2623 
BiCl3-2XIl4ri, 1-2024 
BiOU-SXIUCl. 1-2633 
Bi(CrXII,S3)3, 1-2674 
BiF. i-2635 
BiFa-XH^F. 1-2684 
BiHa, I-258S, 1-2705, 1-2706 
BiHa- (SCX)6- iC\,lUSh GU,0, 1-2652 
Bil,., 1-2584 

Bill, 1-2628. 1-2680, 1-2696, 1-2665. I-26S8 
BilCli, 1-2687 

(Bil4)2Co(XII,C'Il,XIU).vI. 1-2620 
Bir4(CO(XH2CH2CH2XH2),.(CXS),), 1-2664 
BiX, 1-2641. 1-2642 

{Bi(XO;)3)3*(CsXO..)9-6XaN()3. 1-2651, 

1-2666 

Bi(X02)3-2XIl.X0,. 1-2671 
BiO, 1-2718 
BiOBr, I 2595 

BiOCl. I-S08. 1-2713, 1-2717 
BiOClO,, 1-2670 
BiOCla. 1-2631 
BiOHCl:. I-26S7 
Bi(OH)2XO,„ 1-2660 
Bi0H(SCN)2-5H:0. 1-2701 
BiOl 1 : (SC’I i ,C'OOXa ), ■ lOH X > . I 2682 
BiOHSO,. 1-2661. I-270S 
Bior, 1-2643, 1-2639. 1-2610. 1-2665 
BiOXO.,, 1-2619. 1 26r)0. 1-2651. 1-2658, 

1-2659 

(BiO), ('().. 1-2663. 1-2667, 1 2669 
BiOOH. I 2678. I 2681 
(Bi()),S()4. 1-2708, 1-2690 
Bi(I»0:.).. ! 2637 
BiI>S4. 1-2629 


Bi(SClLCOOH),. 1-2690 
Bi(SCH2*C00K)3*6H20, 1-2700 
BiSb, 1-2594 

BiSCl, 1-2630, 1-2634, 1-2727 
BiSI, 1-2638, 1-2730 
BijCIO,. 1-2605 
Bi3Cl4, 1-808, 1-2586 
Bi2(Mo04)3, 1-2716 

BiaOj. 1-2591, 1-2619, 1-2626, 1-2073. 1-2677. 

1-2689, 1-2643, 1-2909 
Bi203X,05-2H20, 1-2648 
(Bi303)4-3S03. 1-2718 
Bi.O*, 1-2619 

Bi.Sa. 1-2593, I-2C00. I-26IS. 1-2672 

Bi2(S03).3. 1-2718 

Bi2(S04)3, 1-2723, 1-2729 

Bi2(S('03)a, 1-2602 

BiotScOnlalLSeO.,. 1-2683 

Bi,{W04)i, 1-2721 

BiaCU. 1-2604 

BiisOiaClio, 1-2692 

BrCI, 1-2954 

BrPIKBiBri).!, 1-2596 

Br.aO,. 1-2945 

(', 1-1054, 1-102, 1-120, 1-121, 193. 1-94. 

1-213, 1-214 
C'BrClj. 1-191 
C'Br-,HCX, 1-2956 
C’BrofSCiUa)-;. 1-197 
CBraCHO CVIaOH, I-'2957 
(’BraCHO-XallSOa, 1-2960 
(’BraCOOAg, 1-2961 
iCBraC’OOl.Ba-SHaO, I-'2962 
(CBra('00),Cu. 1-2963 
CBraC’OOH, 1-2958, 1-2959 
('BraC’OOIIg. 1-2965 
(CBr3C'0()Na)2-5IIj0, 1-2967 
(CBr3C’00)-.Bb. I 2968 
('BrjNO,. 1-2984 
(’Br*. I-29S5. I-20S6 

1-2955 

CClj]':. 1-880 
(’C'lX’OOCMI,. 1-2972 
<'<'b('<)()I!. 1 2973 
I-;J87. I 2954 

ClIBrA'IB) H.O. I 2976 
rllBrA'llOll ('X, I J97.‘. 

('IIBr.C'OOAg. I 2977 
(('HBr-,('OOl.Ji:i-4irO. I L’OTs 
(’lIBr, (’()()(', II,, , 1-2979 
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CHBraCOOHg, 1-2980 
CHBrjCOOKHjO, 1-2981 

CHBr 2 COONH<, 1-2982 

CHBraNOa, 1-2994 

(CHBr 2 COO) 2 Pb, 1-2983 

CHBrg, 1-2923, 1-2953, 1-2964, 1-2966, 1-2998 

CH:CH, 1-1555, 1-1556 

CHC1:CH2, 1-2997 

CHCl:CHAsCl 2 , 1-1135, 1-1510 

CHC1:(CH)3As, I-I135 

fCHCi;CH) 3 As-AuCl, 1-1545 

(CHCI:CH)3-As(CH3)I, 1-1542 

(CHC1:CH)3-AsO, 1-1559, 1-1569 

CCHCl:CH)-AsO(OH)s, 1-1553 

(CHC1:CH)3-As(0H)N03, M543 

fCHCl:CH)-AsS, 1-1554 

CHClj-CHClj, 1-878 

CHjBrCHiCBrjCHO, 1-2991 

CHsBrCHjBr, 1-2989 

CH 2 BrCH;CBr 2 CHO, 1-2991 

CH2BrCH200CCHj, 1-2989 

(CH 2 BrCOOH) 2 Br 3 HBr, 1-2993 

CHaBro, 1-2998 

CH.tCHBr, 1-3003 

CH3-C:N0H(N02), 1-2999 

CHaCNSCOOH, 1-2116 

CHal-CHal, 1-3004, 1-3005 

CH 2 I 2 , 1-1839, 1-1840, 1-1841, 1-1973, 1-1974 

CH2(NCH2)C00H, 1-2352 

CH 2 OH, 1-2988 

CH 3 ASO, 1-1970, 1-1971 

CHjBr, 1-3046, 1-670, 1-680, 1-665, 1-666 

CHaCHIBr, 1-2996 

CH 3 CHO, 1-933, 1-972 

CH3(CH2),o(CHBr)e-COOH, 1-2947 

CH 3 CI 3 , 1-314 

CHa-CrXOHNOa, 1-2999, 1-3000 
CH 3 COCI, 1-2754, 1-295 
CH 3 CONH 0 , 1-3003 
CH 3 COOC 2 H 5 , 1-2989 

CH 3 COOH, 1-1988, 1-1990, 1-2598. 1-2729. 

1-2024, I-16I6, 1-3001 
CHjCOOXa, 1-1836, I-1S37, 1-1844 
CHaCOSBiS, 1-2598 
CH 3 COSBiSO<, 1-2599 
CH 3 COSXa, 1-1837 
CH 3 CI, 1-677 
CHal, 1-682 
CHsNXOXa, I-m: 

CH 3 OH, M813 
CH 3 SH, 1-1854 


CHaSbBro, 1-670 
CHsSbCU, 1-673 
CHaSbIz, 1-674, I-6S2, 

CHsSbO, 1-674, 1-676 
((CH3)2 As)2, 1-1526 
CCH3)2AsOOH, I-I525 
(CH3)3BrSCH2COOH, 1-2951 
(CHsCOlaS, 1-1838, 1-2600 
(CH3COS)2 AsCI, 1-1139 
(CH3)2SbCl, 1-677 
(CH3)2SbCl3, 1-671 
(CH3)2SbCX, 1-680 
(CH3)2SbOBr, 1-668 
(CH3)2SbOC^^ 1-678 

(CH3)2SbOI. 1-681 

(Cn3)2SbOOH, 1-683, 1-685 
(CH3)2SbOOXa, 1-683 
(CH3)2SbOSbCCH3)2, 1-667 
(CH3)2SbSSSSb(CH3)2, 1-684 
(CH3)3As, 1-1117, 1-1141 
(CHj)3AsSe, 1-1104 
{CH.hShCU, 1-663, 1-676, 1-687 
(CHalaSbCXBr, 1-662 
fCH3)3Sb(OH)Br, 1-679 
(CH3)3Sb{OH)Ci, 1-686 
(CH3)3Sb(OH)2, 1-688 

(CH3C00)3A1, 1-27, 1-28, 1-29 
(CH3)^As 20, 1-1273 
(CH3)4XBr3. 1-2924 
(CHal^XCIBra, 1-2925 
(CHaliXSbFp, I-72S 
(CH 3 ) 4 SbI, 1-669 
(CH.3)6Fe(CX)eS04. 1-2307 
CaBr^, 1-2971 
C’>Cl4, 1-312 
CaCi.Bro, 1-2974 
CaCU. 1-215, 1-3005 
(C 2 HBr 2 COO) 2 Ba. 1-2119 
C 2 H 2 , 1-2156, 1-2005 
C 2 H.CI 2 . I-S79 
C’2H2Cl4. 1-855, 1-874 
CaHaBr.XO:. 1-3002 

C 2 H 5 , 1-313, 1-370, 1-2090, 1-2995, 1-3006. 
1-3007 

C 2 H 4 (On) 2 , 1-1848 
C.HiAsS, 1-1527 
CsHsCHfCOOloBa. 1-2132 
C.HsCXBBra, 1-2743 
C.HJ. 1-68, I-27S0, I-27SI 
C 2 H:,XK 2 , 1-1846 
C 2 H 3 O AsCla, M16S 
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CsHtOH, 1-1848, 1-1852, 1-1853, 1-1866 
1-1867, 1-1888, 1-2401 
CaHcS, 1-1855 

C 2 H 5 SH, 1-1855, 1-1859, 1-1864, I-18S8 
1-1891 

C 2 H 6 SOH, 1-1859, I-1S87 
CsHe, 1-215, 1-3005 
CaOsNaa, 1-1069 
(C2H5)2 AsCN. 1-1560 
(C2l'l5COO)2Bft, 1-2350 
(C2H5)2NH2 As03, I-I531 
(C2H5)2NHiAs04, 1-1562 
C 2 H 6 OC 2 H 5 , 1-371 
(CaH^O)"* AsCl, 1-1143 
(C2H5)3 As03, 1-1033 
(CsH5)3As 04, I-103S 
(CatDaN, 1-326 
( 02 ^ 16 ) 3 ^ ■ BBra, 1-2(46 
CC2H5)3SiNHC2Hs, 1-3015 
(CalDrNBr, I-300S, 1-3016 
(CaHs^NBra, 1-2924 
(CotDcN’CIBra, 1-2925 
CaHaOaNa, 1-1889, I-1S90, 1-1891 
{C2H30.)3AI, 1-488, 1-490 
(CaHaOalcAlaCOIDa, 1-489 
(CsHCIaOalaBa, I -2 1 09 
CjHsOHHBOa, 1-2866 
CaHe, 1-3013 

(C3H6N..S)2-BiCl3, 1-2609 
(CsHtIi-AsL, 1-1055 
(C^BrsOCOOlaBa, 1-2222 
(C^HBraOCOOlaBa, I-221S 
C^HoBa, 1-2053 
(CAIaBrOCOOtaBa, 1-2070 
(CJi^CICOOlaBa. I-2I15 
CilLOfilvN^a, I-/ 42 
(C4H,06)3K3A1. 1-596 
(C4lL(Sb0)06)2Ba, 1-739 
C^HeOc, 1-730, 1-741. 1-521 
C^HsOc-SbO, 1-882 
(CAl7(COO)3)2Ba, I-2I94 
C^H.Oa-AsCla. 1-1142 
(CAIaCOOlaBu. 1-2398 
(C4H9SO,i)2Ba, 1-2383 
CjHio, I -78 
CaHsN-HBra, 1-2715 
CsHjNOiBa, 1-2390 
CsHjXaO.COBr, 1-3050 
C5H8(COO)2Ba, 1-2231 
CsHio. 1-3014 
CsHmS, 1-1856 


CsH.iSH, 1-1856 
C6NH(COO)4Ba2, 1-2228 
CeHoBrjNHa, 1-2927 
CsHaBraO, 1-2926 
CeHaOsBi, 1-2614, 1-2655 
CsHjOjSb, I-8I2 
CePLBrs, 1-223 

1-224 

C8H40HCOONa, 1-1934 
CflHsAlaCU, 1-221, 1-223 
CeHfiAsCb, 1-1136, 1-1137, M515, 1-1516, 
1-1521 

CflHsCI, 1-694 

CflHsAsO(OH)2, 1-1611, 1-1612 
CsH^CFa, I-8S1 
C6H5(CH3)2 As' S blj, 1-909 
CellsCOC^Hs, 1-565 
CelLCOCcHsAlCU, 1-562 
C^HsCOCeH^CHa-AlCb, 1-563 
C 8 ILCOCJI 4 OCIT 3 AICI 3 . 1-564 
CdlsCOaiLOCITj AlCb, r-564 
CsHsCOOH, 1-1865 
CeHjCOOXa, 1-1845 
CsIIsCOClAlCb. 1-220 
CJUC6H4SbO(OH)2, I-S09 
CaHsfCHalaAsPOj, 1-1550 
CftLCriD-CallsAsPbL. I-I5C4 
CcILHgCI, 1-691 
CelLI, MS42 
C6lLX(CIl3)-BBr3. 1-2746 
CcIIsNIL. 1-1836, 1-1843, 1-1846 
C'eHaXIlrBBra, 1-2744 
CeHaXOXCslIs, M849 
CfiHsSH, MS57, 1-1861 
aWsSOAMUCHa-AICJa. 1-507 
(VHsSOaCsH.OCerL AICb, I-56S 
(’cIUSOaCeHa-AlCb. 1-566 
(’filUSO=ClAICl3, 1-229 
CaiiSOaXa. M860 
C'elU. 1-223. 1-224, 1-1844, 1-1845 
Caio-AiCl.-,. 1-220 
((MhbAsCb, 1-1144 
(raUlaAsC'X. 1-1534 
{Cai.OaA.'iBr. 1-1514, 1-1538 
(C’eHaaAsI, 1-1517, 1-1539 
(((V,IUUAs) 20, 1-1533 
(('cHslaPbC'l.,. I-S14, 1-8.54 
(CV.Ih)aSO. 1-222 
Celb-SO-OIl. 1-221 
(CellalaSbC'b. I-S14, I-S.>1 
(CcIIaiSbOll, 1-690 
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(C,Hi)2TiCl, 1-1522 
(C6Hj(X0o)30)oBa-5H20. 1-2074 
(CeHaBrXHoCOOlsBa. 1-2110 
(C6H3(XH2)2COO)2Ba, J-211S 
{C6H3XO..ClCOO)2Ba. 1-2140 
(C8H5X*302C00)2Ba, 1-2106 
(CeH,C0)202, 1-2322 
(CeHslnAs. 1-1056. I-1I38 

(c^n.hmcu, 1-808 

(CeHslsB. 1-1520 

(CcHil^SbCl.. 1-680, 1-691, I-C92, 1-693, 
M145 

(CsHiloSbOHI, 1-690 
(C6H2fCH3)2-XH2)3Sb, 1-700 
(C8H2(CH3 )o.X02)3. 1-697 

1-701 

(CsHalCHalslaSb. 1-806, 1-807 
(C6H3fCH3)3):,Sb-HgCl2, 1-698 
(C8H3(CFl3)2)3SbBr2, 1-695 
(C6H3(CH3)2)3SbCl2, 1-696 
(CrH5S0.02Ba, 1-2114 

(r7HeBrS03)2Ba, 1-2111 
{CiiUSUSO.hBa,, 1-2107 
(CjH 6 XSO,l 2 Ba, 1-2113 
(CtHtIiAs, I-1I62 
r7H7X(COO)2Ba. 1-2137 
C 7 H 7 XII... 1-1833 
C7H7SO..Xa. 1-1834 
(C^}U)zShCU. 1-834 
(CiirTliSbOHCI. 1-834 
(CNHiOC’OOlsBa, 1-2224 
(C,Il70C00)2Ba. 1-2378 
(CHH:fOinCO());Ba. 1-2223 
(CMUBrCOOV,Ba. 1-2126, I-2I27 
(CMI,,CO()) 2 Ha. 1-2229 
(CMUXOb-AI. I-3-I5 
(CMUSOJia, 1-2384 
C’sIlTXBBr;,, 1-2745 

(CallE-COOl^.Ba. 1 - 2220 . 1-2221 

(’9H9XCH:,(OH)rOOHHBr. 1-3033 

(C 9 H, 30 -jC 00 ),.Ba. 1-2112 
(',oH.(COO)4Ba,. 1-2173 
C,oH6(COO),Ba. 1-2174 
((’ioH6ClSO:,),Ba-4H,0, 1-2073 
(C',oH7):.f^b, 1-810 
(Ciollrl^SbCI... 1-699 
(’,«H„()XHBr. 1-2987 
('i.-II,:OSX4C’i IlCl-2BiIj. I-2W5 
('.:H,,N04-HSbI'’«. 1-72.3 
('.uH-iXjO... I IS')1 


C2oH24X’202, 1-1851 
C2oH 2802X'2* SbBrj, 1-802 

CsoHogOH-SbCU, I-85I 

C23H2i)OsBr2S, 1-2949 

{C,3H9COO)2Ba, 1-2131 

(CnII)802C00)2, 1-2135 

(Ci3H3,COO)2Ba, 1-2172 

(Ci8Hi507)2Ba, I-2I98 

(C2iH22X202 HSbF6)2-H20, 1-723 

(Ci8H3302)3Sb, 1-763 

(Ci9H29COO)3A1, 1-32 

CUu 1-209, 1-210, I-1S47, M868, 1-1869 

CI 4 , 1-311 

CKBr2XO-, 1-2984 

CXBr, 1-2928 

(CXBr)3. 1-3022 

CXI, 1-2507 

CX-SCSX,. I-302I 

CXSOH. 1-1865 

(’O. J-360. 1-524 

rOBr., 1-2970 

C’OCIBr, 1-196 

rO(XU2)2. 1-3037 

(COOHCH 2 CH 2 CII-(XH:)COO):BaBaC],, 
1-2392 
COS. 1-374 
CS2Br4. 1-203 
(CSBr),. I-11I9 
CaAlsCb, 1-570 
CaAbCIfl, 1-570 
CaAIjCIs, 1-569 
ra(A102)2, 1-378, I-64I, 1-385 
Ca(BF4)2, 1-2773 
(■a(BO,) 2 . 1-2773 
CaCX,. 1-2832 
CaCs, 1-204, 1-205 
CaC204, 1-2527 
C’aCl;, 1-392 

raCI-.fAl('l,,)..2('OCb, 1-230 

(’a(CIO,l 2 . I-2.S36, 1-2837 
C’aCufS., 07 l. 1-1402 
CaF-.. I-63S. 1-630. 1-2834. I-2<H9 
CallAsO^. I-I573, 1-2025 

('al-.fAs.,0:,).- 1211,0. 1-1613 

CaO, 1-376. I 377 
raO-Al,(b.. 1-382. I-42S 
CaO-IUb, I-285U 

(rHOl,-.\i,()4 (CaS() 4 )j xHjO, 1-575, I-5S0 
(C’aOj,- {Xa, 0 ),- 5 AI, 04 , 1-418 
( ( ’n( )Si( ), >, • 51 f,( ) . 1 .577 
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(Cu 0 ).Si 03 , 1.6:>x 

(CaO).vAl 20 ,, r-2;51, I- 5 S 1 . I-,W2. I- 3 .s| 
1-430, 1-585 
(Ca0)3.5AU03, I-37S 
(CaO) 3 - AI 2 O 3 ■ CaC'I; • 101 UO, 1 -572 
(Ca0)3 Al20.vCaS0rl2H20. 1-574. I-57G 
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(CoOl-BsOa. 1-2813 

CoSb, I-7C6. 1-767. 1-815, I-S16 
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('r. 1-45, 1-40. 1-48 
('rAs. 1-1062 
(VAsa. M062 
CrAsOa. 1-1301. 1-1765 
CrB, 1-47. 1-2736. 1-2757 
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CUiAls, 1-19 
CU 4 AS 2 O 7 , 1-1816 
Cu4As2S5, 1-1449 
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